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ABSTRACT
Kumar, J., PhD. The University of Memphis. August, 2019. Exposure to health warning labels
on waterpipe tobacco packages: An application of the modified Extended Parallel Process Model
on quitting behavior from three waves of the PATH study.
Major Professor: Kenneth D. Ward, PhD
The prevalence of waterpipe (WP) smoking has increased steadily in the United States despite
growing evidence of its serious health consequences and addictive potential. Although, health
warning labels (HWLs) on cigarette packages are effective in preventing initiation and cessation
of smoking, the effect of HWLs on WP tobacco packages have seldom been studied. This study
modified the extended parallel process model (EPPM) by adding motivation as a mediating
construct and applied to examine if it predicts the effect of health warning label on waterpipe
tobacco packages on quitting behavior. Data from the three waves of the Population Assessment
of Tobacco and Health (PATH) study, a United States national representative cohort of young
adult WP smokers (N=1916) were analyzed to examine whether perceived severity, perceived
susceptibility and motivation were pathways to WP smoking quitting as a result of exposure to
HWLs on WP packages. Multivariable regression analysis indicated that there was no
association between wave 1 WP HWL exposure and wave 3 WP intention to quit
(rare/sometimes vs never [OR {Odds ratio}=0.87, 95% CI [Confidence Interval] 0.57- 1.34,
often/very often vs never [OR=0.90, 95% CI 0.42- 1.94]), attempting to quit (rare/sometimes vs
never [OR=0.94, 95% 0.62- 1.42], often/very often vs never [OR=1.15, 95% CI 0.76- 1.75]), and
WP quitting behavior rare/sometimes vs never [OR=1.01, 95% CI 0.59- 1.70], often/very often
vs never [OR=0.97, 95% CI 0.56- 1.66]). Similarly, path analysis did not find support for the
mediation effect of perceived severity, perceived susceptibility and motivation. The indirect
effect of HWL exposure through these mediators were insignificant on intention to quit
(Standardized regression coefficient[β] =0.00, Standard Error [SE] = 0.00), attempting to quit
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(β=0.00, [SE] = 0.02) and WP quitting (β=-0.00, [SE] = 0.01). The lack of findings pertaining to
these mediating constructs calls for additional research and perhaps a re-evaluation of these
constructs. Such research can help us to expand our knowledge and potential applications of the
EPPM in designing effective HWLs to improve WP smoking prevention and cessation strategies.
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CHAPTER 1: INTRODUCTION
Tobacco smoking using a waterpipe (WP aka “hookah,” “narghile,” or “shisha”) seems
to have originated in Persia or the Indian sub-continent (Chattopadhyaya, 2000). This tobacco
smoking method was popular in the Middle East for a long time, but declined in use during the
beginning of the 19th century. It regained popularity in the late 1990s, especially among young
people (Rastam, Ward, Eissenberg, & Maziak, 2004), and then spread to other global areas such
as Europe, Africa, and the Americas (American Lung Association, 2007; Cobb et al., 2010). WP
smoking has now become a global public health problem (Maziak et al., 2015). In the United
States, at least 1.4 million individuals smoke WP (Hu et al., 2016). Furthermore, WP use is
highest among young adults, with national estimates in the U.S. indicating that 20.0% of 18-24
year olds and 5.0% of 25-34 year olds currently smoking WP rarely, some days, or every day
(Hu et al., 2016).
In the U.S, HWLs have been required on cigarette packages since the mid-1960s and
have proven to be an effective means of educating current and potential users about adverse
effects of smoking (Hammond, 2011; Institute for Global Tobacco Control, 2013). There is
considerable evidence from the cigarette literature that HWLs that convey risk of using the
product can effectively create awareness of health risks, encourage cessation among smokers,
and prevent initiation among non-users (Hammond, 2011).
One untested but potentially useful policy to reduce WP use is the placement of health
warning labels (HWLs) on WP tobacco packages. Since the global spread of WP is so recent,
WP-specific HWLs have only recently begun being developed and tested (Asfar et al., 2019).
Currently, manufacturers at their own discretion place HWLs, and all major brands of WP
tobacco sold in the U.S. contain one or more HWLs (Ward, Kumar, Khan & Jiang, 2019) Little
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is known about the effects of these manufacturer-placed HWLs on WP tobacco packages and
their role in WP quitting behavior.
Most HWLs on cigarette packages involve the use of fear appeals (Simpson, 2015). The
extended parallel process model (EPPM) borrows features from several fear appeal theories and
has been applied as a theoretical framework across many health behaviors to explain how healthrelated messages are effectively communicated to produce desired behavioral change (Witte,
1992; 1994). This study will examine the effect of exposure to manufacturer-placed HWLs on
WP tobacco packaging on quitting behaviors, utilizing EPPM as a conceptual framework.
Perceived severity and perceived susceptibility, both of which are posited by EPPM to be
important determinants of whether HWLs elicit behavior change, will be examined as potential
mediators. In addition, motivation to quit smoking will be examined as a mediator. Although
motivation is not included in the EPPM model, it is widely recognized by health behavior change
experts as an important determinant of change (Hughes, 2003; West, 2009; Uppal, Shahab, Britton,
& Ratschen, 2013) and therefore may improve the explanatory power of the EPPM. Three waves
of longitudinal data on WP smokers, drawn from a large, national cohort of youth and adults
(aged 12 years and above) tobacco users in the U.S., were used. Findings from this study will
improve understanding of the cognitive mechanisms that link exposure to HWLs and decisions
to quit, which can guide tobacco control policymakers in improving the effectiveness of HWLs
for WP tobacco packages.
WP smoking apparatus
A typical WP consists of five parts: 1) base/water bowl, 2) body, 3) head, 4) hose, and 5)
mouthpiece. The base of the WP is usually a spherically shaped container made of glass, metal
or porcelain/ceramic that holds water (plain or flavored) through which smoke passes.
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(Shihahdeh et al., 2015). The body (or stem) is the central frame of the WP apparatus, which is
rigid and long. The head of the apparatus consists of a funnel-shaped holder bowl where tobacco
and charcoal are placed, usually covered with aluminum foil to achieve appropriate burning
temperature and optimum air flow. The hose of the apparatus is a flexible connecting pipe that
attaches the body with the base/water bowl. The hose is usually made of rubber and allows for
the suction of smoke from above the water. Some WPs have multiple hoses to allow sharing
(Gatrad, Gatrad, & Sheikh 2007 Pepper & Eissenberg, 2014). A mouthpiece, made of wood,
metal or plastic at the end of the hose is the initiating end for the smoking process where the user
sucks the air and the process is set in motion. This creates a negative pressure and generates a
vacuum through the connected hose, resulting in the air being pulled down from the top of the
WP which heats the tobacco and the charcoal. Next, the heated air, mixed with charcoal smoke,
passes from the top, through the hose, to the base water container, and finally through the hose to
the smoker. The water container base cools the hot tobacco smoke coming from the burnt
tobacco. After each puff, some smoke remains above the base water container and inside the
hose, which is displaced by the fresh smoke which enters the system in subsequent puffs. The
primary flow resistance felt by the smoker is through the static space above the water base and is
dependent on the level of water inside the water container that modulates the puff experienced by
the user.
The WP smoking apparatus’ design, compared to other methods of smoking such as
cigarettes, conveys unique characteristics that promote its use. Because smoke is passed through
water, and takes some time traversing the length of the hose, the temperature of the smoke will
be lesser than the outside of the hose. The inhalation of this “cold” smoke makes WP smoking
pleasurable (i.e., not harsh like cigarettes) which is one of the reasons many users prefer it to
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cigarettes or other combustible tobacco products. The use of water in the base of the pipe,
through which the smoke travels, is misperceived by many smokers as evidence that toxicants
are “filtered” prior to inhalation, and therefore safe, or at least safer than cigarettes (Akl, Jawad,
Lam, Obeid, & Irani, 2013; Eissenberg & Shihadeh, 2009; Daniels & Roman, 2013; Griffiths &
Ford, 2014). On the contrary, there is evidence that along with nicotine (Shafagoj, Mohammed &
Hadidi, 2002; Shihadeh, 2003), many carcinogenic polycyclic aromatic hydrocarbons [PAHs]
(Shihadeh & Saleh, 2005; Eissenberg & Shihadeh., 2009) and highly reactive aldehydes are
formed which release mediators for airway inflammation, lung tissue destruction and also
potentially affect gene expression in human lung alveolar epithelial cells (Facchinetti et al.,
2007; Toorn et al., 2013). Likewise, there is growing evidence that WP smoking has detrimental
effects on the cardiovascular system it affects heart rate, blood pressure, baro-reflex sensitivity,
tissue oxygenation, and vascular function over the short term, and is associated with increased
risk of coronary artery disease on the long term (Bhatnagar et al., 2019). Furthermore, findings
from puff topography data suggest that the cooling process allows the smoker to inhale very
deeply compared to other inhaled tobacco products, which increases smoke volume intake and
leads to considerable exposure to CO, nicotine, and other toxicants (Eissenberg & Shihadeh,
2009).
History and Epidemiology
The origins of WP smoking are controversial. It is believed that crude WP smoking
devices originated in Persia or the Indian subcontinent (Benedict, 2011). One historical account
mentions that around the late fifteenth century in India, personal physicians of Moghul emperor
Akbar first invented WPs which passed smoke through water (Rousselet, 1876; Bhonsle, 1992;
Chattopadhyaya, 2000), although it is unclear if tobacco or other leaves were used. Over time,
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through the trade routes, WP smoking spread to parts of the Middle East and Africa where the
apparatus was modified into different forms and became known in different regions as “boory,”
“arghile,” “shisha,” or “goza” (Maziak et al., 2004). WP tobacco smoking was popular in the
Middle East for many centuries but its popularity gradually dwindled through the twentieth
century, at which point it was used mainly by older Arab men. In the 1990s, WP use experienced
a resurgence of use in the Middle East (Rastam et al., 2004), especially among young people,
which is thought to have been fueled by the introduction of sweetened, fragrant tobacco that
appealed to young people, the growing “café culture” in the Middle East that supported social
use of WP, mass media promotion, and lax tobacco control regulations (Maziak, Ward, Soweid,
& Eissenberg, 2004 Maziak et al., 2014). Although WP’s renewed popularity is a recent
phenomenon, WP smoking has now become very popular in many other global regions (Maziak
et al., 2015 Athamneh et al., 2015). The Middle East, South East Asia and Northern Africa have
the highest rates of waterpipe smoking among all WHO global regions (World Health
Organization, 2005).
WP use prevalence in the United States
In the United States, the majority of WP users are young adults (Kasza et al., 2017
Salloum et al., 2017). Recent estimates from the National Adult Tobacco Survey, United States,
2013–2014 indicate that current (“every day” or “some days”) WP use among young adults aged
18-24 years in the U.S. is around 3.2% (Hu et al., 2016). Recently a study analyzed the Wave 1
(2013-2014) PATH data set (n=9,116) and reported that current use was 12.7% (C.I=11.2, 14.1)
among young adults aged 18–24 years, and 9.3% (C.I=8.4, 10.2) among 21–24 year adults
(Salloum et al., 2017). Also concerning is the fact that among daily/weekly WP users, 66% were
young adults in the ages 18-24 years (Robinson et al., 2017).
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WP use determinants
A considerable body of research, mainly cross-sectional survey studies, have examined
motives, beliefs, and attitudes related to WP use among young adults in the U.S. Young adults
are more vulnerable to use WP as they are flavored, easily accessible and appealing to them.
Young adults report smoking WP for a variety of reasons, including entertainment, to quit
cigarettes, socialization, experimentation, relaxation, cultural identity, peer and family members
influence, convenience, pleasant tobacco flavor, and the effect of positive portrayal of WP
smoking by media (Akl et al., 2013 Al-Dabbagh & Al-Sinjari, 2005 Griffiths et al., 2011, Lipkus
et al., 2011 Erbaydar et al., 2010 Giuliani et al., 2008 Hammal, 2008 Nakkash & Khalil, 2011).
Most young adults believe WP smoking is less harmful, not as addictive as smoking
conventional cigarettes, and is socially acceptable (Primack et al., 2009 Jukema et al., 2014 Akl
et al., 2013 Morton et al., 2014 Eissenberg et al., 2008 Smith, Novotny, et al., 2011). One
systematic review on motives, beliefs and attitudes towards WP tobacco smoking reported that
users thought switching to WP use from cigarettes is less harmful and less risky (Akl et al.,
2013). Moreover, young adults do not perceive WP smoking as being as harmful, or as addictive
as cigarette smoking. Thus, WP smoking has become popular among young adults although it
causes nicotine dependence and serious health effects to the individual and those around them
(Aslam, Saleem, German, & Qureshi, 2014 Kumar, Davies, Weitzman, & Sherman, 2014).
Health effects and nicotine dependence of WP smoking
There is growing evidence that WP delivers many of the same toxicants as cigarettes, and
as a result, produces many of the same short- and long-term health effects as cigarettes (Akl et
al., 2010 Waziry, Jawad, Ballout, Akel & Akl, 2017). The heating of tobacco and charcoal at
very high temperature leads to release of toxicants such as tobacco-specific nitrosamines,
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polycyclic aromatic hydrocarbons (e.g, anthracene and benzo-pyrene), nitric oxide, volatile
aldehydes (e.g., formaldehyde, acetaldehyde, acrolein), and heavy metals such as arsenic,
chromium, lead and benzene (Schubert et al., 2012 Radwan et al., 2013 Shihadeh et al., 2015).
Smoking a WP requires the user to take many deep inhalations to maintain airflow over
the tobacco and channel the smoke through the long body of the WP apparatus and into the hose
(Eissenberg, 2013). As such, the user inhales a large volume of smoke during a typical WP
smoking session, which is about 40 times the volume of smoke inhaled from a single cigarette
(Eissenberg & Shihadeh, 2009). As such, toxicant exposure from WP is considerable. Compared
to smoking one cigarette, a single session of WP smoking can deliver nearly twice the amount of
nicotine (Cobb, Ward, Maziak, Shihadeh, & Eissenberg, 2010) resulting in increased release of
toxicants. For instance, one study reported that a single session of WP smoking using 10 g of
tobacco paste yielded 2.94 mg of nicotine, 802 mg of tar and 145 mg of carbon monoxide (
Shihadeh & Saleh, 2005). In comparison, smoking a single cigarette typically produces
approximately 0.9 mg of nicotine, 12.5 mg of tar, and 12.6 mg of CO (Cobb et al., 2010).
Furthermore, compared to smoking one single cigarette, one WP smoking session produces 3200 times more carcinogenic polycyclic aromatic hydrocarbon and 4-27 times higher lungdamaging aldehydes (Eissenberg & Shihadeh, 2009).
The release of these harmful chemicals causes vasodilatation of major arteries (Selim,
Elia, El Bohey, & El Meniawy, 2013; Kadhum et al., 2015), lead to disturbance in homeostasis,
increased platelet aggregation, and increased production of prostaglandins (Wolfram et al.,
2003). These damaging mechanisms adversely affect the cardiovascular system (Kadhum et al.,
2015; Shaikh, Vijayaraghavan, Sulaiman, Kazi, & Shafi, 2008). For example, studies have
shown that there is an increase in heart rate and vascular resistance leading to increased systolic
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and diastolic blood pressure immediately after WP smoking (Eissenberg & Shihadeh, 2009;
Alomari., 2015; Al- Osaimi et al., 2012; Cobb et al., 2012; Hakim et al., 2011; Selim et al.,
2013).
WP smoking also causes several adverse pulmonary effects. It decreases pulmonary
volume, increases respiratory symptoms both acutely and chronically (Gupta et al., 2001 Qiao, et
al., 1989; Hsairi et al., 1993 Lubin et al., 1992 Aoun et al., 2013; Boskabady et al., 2014 Ben
Saad et al., 2013 Mutairi et al., 2006), and is associated with chronic bronchitis, emphysema,
asthma and lung disease (El-Zaatari et al., 2014).
Beyond cardiovascular and pulmonary disease, there is growing evidence that WP
smoking increases risk of several other health conditions, such as transmission of infectious
diseases such as hepatitis C which may be spread through sharing of WPs (Steentoft, Wittendorf,
& Andersen, 2006; Habib et al., 2001; Chandir et al., 2010; Akl et al., 2010; Knishkowy &
Amitai, 2005). Pregnant women who smoke WP are more likely than non-smokers to deliver
babies with low birth weight (Nuwayhid, Yamout, Azar, & Kambris, 1998).
Another negative consequence of WP smoking is nicotine dependence (Aboaziza &
Eissenberg, 2015). Established adult WP smokers experience withdrawal symptoms such as
craving when they abstain from WP use (Bahelah et al., 2016; Aboaziza & Eissenberg, 2014),
which are relieved when smoking is resumed (Maziak, 2011; Rastam et al., 2013). They also
alter their behavior in order to access a WP, such as smoking alone rather than socially, smoking
at home rather than in cafes, owning one’s own WP apparatus, and selecting
entertainment/eating venues based on whether WP can be smoked (Aboaziza & Eissenbeerg,
2015). Many WP smokers also have difficulty completely quitting (Ward et al., 2005; Almerie et
al., 2008), and continue its use despite aversive physical and/or psychological conditions.
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(Shadel et al., 2000) all of which are hallmark symptoms of nicotine dependence. The presence
and severity of nicotine dependence symptoms are associated with nicotine exposure [e.g.,
frequency of smoking and length of WP smoking session] (Bahelah et al., 2016, 2017; Maziak,
2011) as well as with perceived dependence (Maziak, Eissenberg, & Ward, 2004, Maziak,
Eissenberg, & Ward, 2005).
In light of the evidence about the increasing use of WP, and its health damaging and
nicotine dependence-producing effects, swift action is necessary to prevent further impact on
public health. Borrowing from effective cigarette smoking control strategies, HWLs on WP
tobacco packaging can potentially play a major role in preventing WP smoking, but evidence
about their effectiveness and mechanisms of action is only recently being generated (Asfar et al.,
2019). The rest of chapter 1 will discuss evidence about the effectiveness of HWLs to reduce
tobacco smoking, theoretical underpinnings related to their mechanisms of action, and recent
preliminary evidence of the role of HWLs in cessation and prevention of WP use.
Health warning labels on cigarette packages
HWLs can be categorized as either text based or graphic. Text based labels present a
short statement about a tobacco-related health effect, such as that it causes cancer. In contrast,
graphic warning labels present a visual image, usually a photo that depicts a health risk. For
example, the theme of smoking causing lung cancer may be depicted visually by a photo of a
diseased lung. Often graphic images are accompanied by a text based message that reinforces the
visual image, such as “Smoking causes lung cancer.”
The earliest HWLs were text based and appeared in the United States in 1965, based on
the recommendation of the US Federal Trade Commission (Hiilamo et al., 2014). Consequently,
the Federal Cigarette Labeling and Advertising Act was enacted which mandated that the
9

message “Caution: Cigarette smoking may be hazardous to your health” (Hiilamo et al., 2014) be
placed on all packages of cigarettes sold in the U.S. This HWL was changed in 1967 to
“Warning: Cigarette smoking is dangerous to health and may cause death from cancer and other
diseases” (US Department of Health and Human Services, 2014). Then, in 1969, cigarette pack
HWLs were changed again in response to the Public Health Cigarette Smoking Act (1969) to:
“Warning: The Surgeon General has determined that cigarette smoking is dangerous to your
health."
Since the U.S. introduced cigarette packet HWLs in 1965, most other countries have
followed suit. However, while the U.S. has retained text based HWLs, many countries have
switched from text based to graphic labels because of widespread evidence that colored, large,
pictorial messages are more effective than text only labels in promoting cigarette-smoking
cessation and preventing initiation (Hammond, 2011). A meta-analysis synthesized the effects of
graphic vs. text based HWLS from 32 experimental studies from 20 countries and concluded that
graphic HWLs, compared to text based HWLs, attract and hold the viewer’s attention, are
perceived as more credible, evoke stronger emotional and cognitive responses, and elicit more
negative attitudes toward smoking. The standardized mean effects across the outcomes ranged
from 0.26-1.76 and were statistically significant (p<.05). The analysis also reported that the
graphic HWLs increase intentions not to initiate smoking and increase intentions to quit smoking
when compared to text only HWLs (Noar et al., 2016).
Despite evidence that graphic HWLs are more effective than text based ones, some
countries, including the U.S., still use only text based warnings (Canadian Cancer Society,
2014). In the U.S., after the enactment of the 2009 Family Smoking Prevention and Tobacco
Control Act, (Pub.L. 111–31, H.R. 1256), the tobacco industry came under the direct regulation
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of the Food and Drug Administration. New regulations included that cigarette HWLs cover 50%
of the front and rear of each pack, and the FDA released nine new warning labels that included
both text and pictorial images. However, the constitutionality of requiring graphic warnings has
been challenged by tobacco companies on first amendment grounds, and as of 2019, have still
not been implemented (Cortez, 2012; Lange, Hoefges & Ribisl, 2015). While less-than-ideal,
text based labels nevertheless encourage smokers to quit, and non-users from initiating cigarette
smoking, as reviewed below.
Effectiveness of Text based HWLs
A large body of evidence supports that text based HWLs on cigarette packages, compared
to no labels, increase quit rates and decrease initiation rates (Hammond, 2011). Further, there is
evidence that these effects are mediated by the reviewer’s perceptions of the severity of the
health problem identified, their susceptibility to developing the health problem, and their
motivation to change their behavior to avoid the health problem.
The text only labels help to communicate the dangers associated with smoking and
increase motivation to quit smoking (Moodie, MacKintosh, & Hammond, 2009). For instance,
one study assessed adolescents’ (aged 11–16 years) perceptions and reactions to text warnings on
cigarette packages using data from the cross-sectional UK Youth Tobacco Policy Survey (YTPS)
in 2008. A total of 1,401 adolescents were recruited and interviews were conducted to assess the
text only health warnings in terms of salience (noticing, reading), comprehension, credibility,
memorability (recall), depth of processing (contemplating, discussing) and persuasiveness (put
off smoking, make more likely to stop), and the effect of these warnings on their smoking
behavior. Results indicated that the text only HWLs seem to discourage never and occasional
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smokers from initiation and prompting smokers to forgo cigarettes and the health warnings had
stopped them from smoking (Moodie et al., 2009).
The effectiveness of HWLs has been demonstrated at the population level (Hammond,
2011). For example, a repeated cross-sectional population-based surveys in four countries
conducted by the International Tobacco Control (ITC) project examined the effectiveness of
health warnings on cigarette packages in four countries. Telephone surveys were conducted with
representative cohorts of adult smokers (n=14,975): Canada (n=3687), United States (n=4273),
UK (n=3634), and Australia (n=3381). Surveys were conducted between 2002 and 2005, before
and at three time points following implementation of new text health warnings in the UK.
Following the implementation of new text based warnings at in UK at Wave 2, UK smokers
reported greater levels of awareness and impact, and rated the text warnings as effective by
smokers (Hammond et al., 2007).’
Text based warnings are also known to increasing smoking cessation rates. For example,
a nationally representative, longitudinal panel survey of adult smokers in the United Kingdom
(Hassan et al., 2008) conducted two waves of telephone interviews in 2002 and 2003 on a cohort
of ever and current smokers (mean age = 46 years). Between the two data collection periods,
national-level labeling policy change resulted in introduction of large text based HWLs. The
study compared awareness (noticed the warning labels on cigarette packages during the last
month), depth of processing (read or looked closely at the warning labels on cigarette packages
during the last month’) and elaboration (thinking about the danger or other bad things about
smoking and the harm smoking might be doing). Completely quitting plans and behavioral
compliance (contemplation on completely quitting) were assessed with single items. The results
indicated average increases in all of these indices of exposure to HWLs and increased smoking
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cessation rates (Hassan et al., 2008). Similar results were reported from findings of the ITC
Policy Evaluation Project surveys in France (Hitchman et al., 2007). These results are to be
cautiously inferred as the study was done after modification of the small text warnings to larger
texts, and that may have influenced these variables simply because they presented a new
stimulus, irrespective of their size.
Furthermore, text based warnings on cigarette packages can be enhanced by having
concise and specific text with borders, and bold and large font sizes. These modifications can
capture the attention of the viewer and leave the impact of the message for a longer time
(Wogaleter et al., 1993; Wogalter et al., 2002; Borland & Hill, 1997; Wogalter, 2006). However,
these have to not yet been tested empirically and these findings should be viewed with caution
before making strong inferences.
Health warning labels and WP smoking
Since WP smoking is a recent phenomenon, the literature is sparse regarding
characteristics of HWLs on WP tobacco packaging, the extent to which users are exposed to
HWLs, and the effects of HWLs on smoking-related outcomes. Article 11 of World Health
Organization’s Framework Convention on Tobacco Control (Tee et al., 2015) provides
guidelines for the placement of HWLs on WP tobacco packaging, although these
recommendations are based on knowledge gained from the cigarette literature. HWLs should
cover at least 30% of the principal display areas contain rotating content be large, clear, visible,
and legible and may include pictures or pictograms. Additionally, FCTC Article 11 mandates
that tobacco packaging and labeling do not include false, misleading, or deceptive product
information. To date, only two studies have described HWL characteristics on WP tobacco
packaging, and one study has reported on associations between HWLs on WP tobacco packaging
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and smoking-related outcomes such as interest in completely quitting. The next section reviews
these studies.
One descriptive study examined HWLs on 74 WP tobacco packages, representing 25
brands, purchased in Lebanon, Saudi Arabia, Palestine, Syria, Jordan, Bahrain, Canada,
Germany and South Africa (Nakkash & Khalil, 2010). Sixty-seven of the 74 packages (90.5%)
contained text based HWLs on the outer package, with the labels covering an average of only
3.5% of total surface area. Labels either did not have rotating content or this could not be
determined. No packages contained pictorial warnings. Erroneous or misleading descriptors were
common, including “percentage of nicotine” listed as 0.5% or 0.05%, which does not correspond
to the actual amount of nicotine delivered (Vansickel, Shihadeh, & Eissenberg, 2012). These
results indicate that WP tobacco packages sold in much of the Middle East as well as Germany
and South Africa do not adhere to FCTC guidelines for message content and placement.
The second study which was recently conducted examined characteristics of HWLs on
WP tobacco packaging sold in the U.S. (Ward et al., In press). Forty-five sub-brands/flavors
from 16 of the most popular WP tobacco brands sold in the U.S. were obtained. Several HWL
characteristics were assessed including type (pictorial or text), location, and relative size. Ten
brands were re-sampled four months later to determine if any labels were rotated. All packages
had at least one text only HWL that covered <25% of the surface, with most inconspicuously
placed (such as on the side panel or bottom). No packages contained pictorial warnings and there
was no evidence that labels were rotated.
Both Nakkash et al. (2010) and Ward et al. (2019) indicate that the vast majority of WP
tobacco brands sold in the U.S. and in other countries contain HWLs that are visible on the
outside of the packaging. Most of these HWLs, however, do not conform to guidelines
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established by the WHO’s Framework Convention on Tobacco Control (FCTC) to maximize the
effectiveness of HWLs, including large size, prominent placement, and use of pictures or
pictograms instead of only textual messages (Nakkash et al., 2010; Ward et al., 2019).
Another important issue is whether WP smokers are exposed to labeling on tobacco
packaging, since many WP smokers, especially young adults, smoke in “hookah cafes” where
the tobacco is removed from the packages by café personnel before it is served (Maziak et al.,
2015). Data from a large nationally representative U.S. sample (Salloum et al., 2017) found that
only 22.7% of young adult (18-24 years old) WP smokers “usually” smoked in cafes in contrast,
35.2% usually smoked at home or a friend’s home, and 42.1% usually smoked at both homes and
cafes. Thus, a majority of young adult WP smokers potentially are exposed to HWLs on tobacco
packaging. Consistent with this, another recent analysis from the PATH study (King et al.,
2018), found that 35.9% (95% CI 33.5% to 38.4%) of 18-24-year-old WP smokers reported
being exposed to HWLs in the past month. The likelihood of HWL exposure was higher among
males compared to females (adjusted odds ratio [AOR]=1.34, 95% CI 1.04 to 1.72) and those
who usually did not share the same WP with others compared to those who shared (AOR=3.1,
95% CI 1.5 to 6.6). Similarly, those who usually purchased WP tobacco were more likely to be
exposed to HWL than those who did not usually purchase WP tobacco (AOR=1.7, 95% CI 1.3 to
2.3). Also, those who had a regular brand of WP tobacco were much more likely to report
exposure to HWL than those who did not have a regular brand (AOR=1.8, 95% CI 1.3 to 2.7).
These results indicate that a sizeable number of young adult WP smokers in the U.S. are exposed
to HWLs.
The King et al (2018) study is the only one which has examined whether exposure to
HWLs on WP tobacco packages predicts smoking-related outcomes. The study examined data
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from 1644 young adult (18-24 years) current WP smokers who participated in Waves 1 (2013–
2014) and 2 (2014–2015) of the PATH prospective cohort study to determine whether exposure
to WP HWLs predicted WP-related harm perceptions and cessation (King et al., 2018). Exposure
to HWLs at Wave 1 was classified as having been exposed in the past month rarely, sometimes,
often, or very often, vs. never. Smoking-related outcomes at Wave 2, including harm perception
(belief that WP was as harmful as or more harmful than cigarettes vs. belief that WP was less
harmful than cigarettes) and cessation (whether the respondent now smoked WP every day or
some days vs. not at all). Associations were assessed in multivariable logistic regression models
that adjusted for demographics (sex, ethnicity, race, poverty level), sexual orientation, and
several WP use characteristics (frequency of use, owning a WP, location of smoking (at home, in
cafes, friend’s houses), sharing WP, purchase location, and whether the respondent has a regular
WP brand). In separate models, perceived harm of WP smoking and cessation at Wave 2 were
regressed on HWL exposure at Wave 1. WP users who reported exposure at Wave 1 to HWLs
had 35% greater odds of perceiving WP to be as/more harmful than cigarettes at Wave 2
(AOR=1.35, 95% CI 1.02 to 1.78) but WP HWL warning exposure at Wave 1 was not associated
with WP tobacco use at Wave 2 (AOR=1.01 95% CI=0.76 to 1.35 p=0.9) model. Also, race,
ethnicity, sexual orientation or poverty level of the individuals in the study did not moderate the
associations of HWL exposure to WP smoking behavior outcomes (King et al., 2018). These
results indicate that being exposed to HWLs on WP tobacco packages may increase perceptions
of harm, but there was no evidence that this translated into completely quitting WP use. Given
that most respondents in this U.S. sample smoked WP only occasionally (49% smoked only
every couple of months, and 14% smoked only about once a year), and the follow-up period was
relatively short (approximately one year), it is possible that HWL exposure may encourage
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cessation but a longer duration of follow up is necessary to allow an adequate number of cases to
occur to observe this association.
The King et al. (2018) study represents the entirety of the empirical literature on how
HWLs on WP tobacco packaging influences WP use. In addition to the short follow up period
which may have obscured detection of associations, the study also was limited in its failure to
evaluate potential mediators of exposure/outcome associations. This dissertation will address
whether HWL exposure predicts changes in WP use over an extended (two year) follow up
period in the PATH study, and will evaluate cognitive processes that may mediate these
associations.
This dissertation will adapt the Extended Parallel Process Model (EPPM) to evaluate
cognitive mediators. EPPM is a framework developed by Kim Witte (Witte, 1992; 1994) to
predict how individuals will respond when confronted by a fear-inducing stimulus, as is common
in HWL exposure. EPPM is based on Leventhal’s danger control/fear control framework
(Leventhal, 1970) and Roger’s protection motivation theory (Rogers, 1975), and has been widely
used in health communication campaigns to persuade individuals to adapt healthy behaviors
(Floyd, Prentice‐Dunn, & Rogers 2000; Milne, Sheeran & Orbell, 2000). The history, current
formulation, and proposed adaptations to be tested in this dissertation, are described below.
Mechanisms of HWL effects on smoking behavior
Many health behavior theories have been applied to predict cigarette smoking cessation,
including health belief model, trans theoretical model, PRIME theory and social cognitive
theory. The above models or theories commonly include perceived severity and susceptibility,
emotional and cognitive beliefs related to smoking cessation, social perceptions and perceived
self-efficacy related beliefs (Noar & Zimmerman, 2005). These variables however have not been
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applied specifically to understand the effects of HWL exposure in quitting behavior. However,
since waterpipe smoking is more communal and social in nature compared to cigarette smoking,
it is uncertain whether these theories that have successfully explained the behavioral processes in
quitting cigarette smoking are applicable to WP smoking also. This is more so interesting and
timely relevant due to the limited literature on application of health behavior models or theories
on WP smoking and quitting behavior
EPPM and its predecessors (Leventhal’s danger control/fear control framework [Leventhal,
1970, and Roger’s protection motivation theory, Rogers, 1975]) have their origins in the Fearas–acquired drive model (Janis, 1967 Hovland, Janis & Kelly, 1953). According to this model,
fear is conceptualized as a drive state that induces people to adopt actions that are expected to
alleviate the unpleasant feeling or state. It emphasizes that the unpleasant sensation caused by
fear will motivate the individuals to overcome their fear either by adaptive or maladaptive
changes (Janis, 1967). However, the model failed to explain many health behaviors because its
central hypothesis that reduction of fear leads directly to acceptance of the message was not well
supported by empirical studies (Giesen & Hendrick, 1974; Leventhal, Jones & Trembly, 1966;
Rogers, 1983).
Expanding on the above theory, The Parallel Response Model (PRM) was proposed by
Leventhal (1970), and posited that any stimulus which evokes fear results in two responses. The
first response involves attempting to control the danger (‘danger control’) by changing one’s
perceptions regarding fear. This leads an individual to engage in adaptive, beneficial and
protective health promoting activities. The second response involves attempting to control fear
(‘fear control’), by rejecting the message, and maintaining the current attitude and behaviors
related to the health issue. Fear control is maladaptive and often results in ignoring the severity
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of the targeted health condition, and downplaying one’s susceptibility to the condition, leading to
message rejection. However, this theory failed to specify exactly when and how one process
(danger control or fear control) dominates over another and did not explain what specific factors
elicit the different responses. Thus, the main limitation with the PRM is its lack of precision
(Rogers, 1975; Beck & Frankel, 1981).
The Protection Motivation Theory (PMT: Rogers, 1975) expanded PRM by postulating
specific coping mechanisms that elicit fear control and danger control processes. Specifically,
PMT posits that an individual who experiences a fearful stimulus, such as a HWL, engages in
appraisals of the stimulus’ threat, as well as their ability to successfully cope with the threat
(efficacy appraisal). The model proposes four constructs that reflect these appraisals, including
1) perceived severity, 2) perceived vulnerability, 3) response efficacy, and 4) self-efficacy.
Perceived severity is the extent to which an individual believes the threat to be serious or
harmful and the perceived consequences due to the seriousness of the condition (Becker, 1974;
Rimer and Glanz, 2005). Perceived vulnerability is the belief that the individual will experience
some kind of harm from the threat and that individual will be more motivated to behave in a
healthy way if he/she believes that they are susceptible to a particular negative health outcome
(Rosenstock, 1966). Response efficacy is the belief of the effectiveness of the intended behavior
in preventing the expected harm (Witte, 1994), and self-efficacy is the individual’s belief in one’s
ability to successfully perform the recommended behavior(s) to prevent the harm (Gwaltney,
Metrik, Kahler, & Shiffman, 2009; Witte, 1994; DiClemente, 1981). The fear control process is
the result of the efficacy constructs and rewards is the positive aspects of continuing the
unhealthy behavior. The threat is a result of the sum of perceived severity and perceived
vulnerability subtracting the response costs (rewards). In summary, the interplay of constructs
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leads the individual to evaluate the threat and efficacy level and influences the individual’s
likelihood of changing the desired behavior.
Three limitations of the PMT model are important. One, it does not include the testing of
the assumption of temporal order of threat and efficacy constructs (Tanner, Hunt, & Eppright,
1991). Two, the hypothesized threshold points for constructs involved in behavior change have
not been clearly determined. Lastly, the model does not give recommendations on how to
increase desired behavior change, as a result, it cannot explain how and in what conditions it fails
(Cismaru, Lavack, Hadjistavropoulos, & Dorsch, 2008). Overall, the PRM does not give
importance to the efficacy component and hence does not explain unsuccessful interventions
based only on the threat constructs. The PMT, although improvised, failed to explain how threat
and efficacy are appraised at the same time, and did not suggest critical threshold points where
the outcome of danger shifts to the fear control process (Anderson & Guerero, 1998). Thus, the
EPPM borrowed the concept of threat and appraisal process from the PMT, and the explanatory
framework from the PRM, and it expands on previous theories in two ways: One, by explaining
why fear appeals fail and two, by specifying the relationship between threat and efficacy (Witte,
1992).
Extended Parallel Process Model (EPPM)
EPPM is one of the most widely used fear-based theoretical frameworks in health risk
communication (So, 2013). It was an attempt to bridge both the PMT and PRM. The EPPM
(Figure. 1) became popular as it demonstrated effectiveness in attaining behavior change across
many health conditions and different populations (Stephenson & Witte, 1998). EPPM has been
successfully applied to understand the role of fear in explaining various health issues such as
cardiovascular disease (McKay, Berkowitz, Blumberg, & Goldberg, 2004), skin cancer (Millar &
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Houska, 2007), hearing loss (Smith et al., 2008), breast cancer (Ruiter, Verplanken, De Cremer,
& Kok, 2004), alcohol abuse (Moscato et al., 2001), speeding (Lewis, Watson, & White, 2010),
Human Papilloma Virus (Carcioppollo et al., 2013), Acquired Immuno- Deficiency Syndrome
(Muthusamy, Levine, & Weber, 2009 Terblanche-Smit & Terblanche, 2010; Witte, 1994),
smoking (Wong & Cappella, 2009; Wright, French, Weinman, & Marteau, 2006) and genital
warts (Witte, Berkowitz, Cameron, & McKeon, 1998).
According to the EPPM, the interactions between threat (perceived susceptibility and
perceived severity) and efficacy constructs is mediated by fear to result in one of three behavioral
responses [danger control (message acceptance), fear control(message rejection) or message
avoidance] (Witte, 1992; Maloney et al., 2011). The model further suggests that the danger
control process (adaptive behavior) is activated if efficacy beliefs are stronger than perceived
threat, and this results in protection motivation. Thus, it is inferred that when individuals fear a
significant threat, and they believe that taking an action actively will avert the threat and mitigate
the fear, then they are motivated to act and control the danger (Witte, 1992; 1994).
In contrast, the fear control process will be activated (maladaptive behavior) if efficacy
beliefs are weaker than the perceived threat and results in defensive motivation (Witte, 1992;
1994). In other words, the fear originally evoked by a significant threat becomes intensified
when individuals believe they are unable to effectively deter the threat. Furthermore, the EPPM
constructs advocate that fear can be evoked if the HWL generates interest, attracts attention, and
is easily comprehended (Kruglanski & Thompson, 1999). Overall, perceived severity and
susceptibility determine the degree of the response to the message or how strongly a message
will be accepted or rejected. Similarly, the perceived efficacy determines the nature of the
response [i.e., whether protection motivation or defensive motivation processes are initiated]
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(Witte, 1994). Lastly, if the HWL threat level is too low, the message will not undergo further
processing and will be rejected (Witte, 1992; 1994).
Individual responses

External stimuli

No Perceived Threat
(No Response)
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threat
 Susceptibility
 Severity
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Self- efficacy
Response efficacy

Process
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Threat
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efficacy
 Self- efficacy
 Response efficacy

Outcomes

Protection
motivation
(Danger control)

Message
acceptance

Defensive
motivation
(Fear control)

Message
rejection

FEAR

Figure 1 The Extended Parallel Process Model. Adapted from Witte (1992)

It is acknowledged that EPPM, like any other behavioral model has to be consistently
evaluated for new variables which could improve its application (Maloney, Lapinski, & Witte,
2011). In this context, I propose motivation as a construct that mediates the effect of the HWLs
along with perceived severity and perceived susceptibility constructs of the EPPM on WP
smoking quitting behavior.
The modified EPPM model for effect of HWLs on WP quitting behavior
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The conceptual theoretical model shown in Figure 2 includes three endogenous
variables: Intending to quit, attempting to quit, and completely quitting. This model uses the path
analyses and makes the following predictions:
a. There will be indirect positive paths from HWL exposure to intending to quit, attempting to
quit and completely quitting.
b. Severity, susceptibility and motivation positively mediate the effect of HWL exposure to
intending to quit, attempting to quit and completely quitting.
No Perceived Threat
(No Response)
Health warning label
Message components

Perceived
threat
 Susceptibility
 Severity

 Susceptibility+
Severity
 Self- efficacy+
Response efficacy

Protection
motivation
(Danger control)

High
Threat



Message
acceptance

FEAR

Motivation

Defensive
motivation
(Fear control)

Message
rejection

Figure 2 Conceptual Model: A Modification of the Extended Parallel Process Model in the Context of
Health Warning Labels on WP Tobacco Packages (adapted from Witte, 1992).
Why motivation as a construct?
According to this dissertation’s modified model, for the health warning exposure to be
effective, individuals must first perceive the portrayed threat (severity and susceptibility) to be
significant and then have adequate motivation to quit WP smoking. High level of threat along
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with high levels of self-efficacy are postulated by EPPM to activate the coping appraisal process
(Witte, 1994). However, given some of its inconsistences` with the extant literature on
individual emotion and cognition, and the lack of empirical support for some propositions of the
EPPM, suggestions have been made to modify it (Popova, 2012). To this end, this dissertation
elaborates on the major issue of the EPPM to be addressed with suggestions for further extension
by adding motivation as a construct that would resolve these issues. The EPPM also fails to
reflect the direct effect of emotions such as motivation to cause coping responses without
undergoing efficacy appraisal. This does not adequately reflect the role of motivation in fear
appeal research: Aversive emotional arousal (e.g., motivation) is a direct cause of danger control
and coping mechanism (Soames Job, 1988; Rippetoe & Rogers, 1987). Therefore, the recent
theoretical development that highlights the prominent influence of motivation on behavioral
intentions (Baker, Brandon & Chassin, 2004; Moorman & van den Putte, 2008) and relevant fear
appeal literature urge the models to grant a more central role to motivation in motivating health
behavior outcomes. Therefore, in addition to severity and susceptibility, motivation should also
be included as a distinct and critical part of coping process following threat appraisal.
Given these limitations of the EPPM, this study proposes the addition of motivation to
severity and susceptibility as mediators of the effect of HWLs on behavioral outcomes. The proposed
extension is largely based on the significant role of motivational processes in the smoking cessation
literature (Hughes, 2003; West, 2009; Uppal, Shahab, Britton, & Ratschen, 2013). Hence, based on
this background this dissertation proposes a causal chain of HWL exposure – threat appraisal–
motivation -response. In the context of the EPPM, this line of research suggests that the threat
appraisal process should be immediately followed by change in motivational state, which in turn
initiates the coping appraisal process.
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The proposed extension serves three purposes. One, the insertion of motivation as a mediator
between threat appraisal and efficacy appraisal allows emotions to take a more pivotal role in the
model. Two, with this modification, the EPPM can depict a more theoretically grounded fear and
coping mechanism that is consistent with research. Three, by the addition of motivation, the model
includes critical components of response mechanism to a significant threat, thus reflecting a more
comprehensive theoretical explanation of the empirical data that suggests an important role of threat
on health behavior (Dillard et al., 1996 Dillard & Peck, 2000). To summarize, the EPPM’s
conceptual structure is generally strong but lacks consistent empirical support for some of its
theoretical propositions that can be addressed by considering motivational processes. Another
important limitation of the EPPM is that it assumes that audiences have no predetermined
response to threat before being exposed to any message (Nabi, Roskos- Ewoldsen, & Carpentier,
2008). This dissertation will address these conceptual limitations.
Gathered together, there is no doubt that fear appeal research is in need of a more
comprehensive conceptualization of threat perception and incorporating key individual factors in
the model. This dissertation attempts to look from a new perspective on fear appeal and is
expected to improve the predictability and explanatory scope of EPPM. Hence, this dissertation
seeks to understand the behavioral mechanisms involved in the chain of events from exposure to
the HWL until an individual quits WP use by applying the constructs of the EPPM. To conclude,
if a HWL provides an adequate threshold of threat, it may elicit motivational processes that
ultimately increases interest in makes a positive behavioral change, such as completely quitting
WP use. This proposed extended EPPM model is more closely in line with the critical role of
individual factors such as motivation and depicts a more theoretically grounded model that could
provide a more compatible theoretical explanation of the effect of HWLs on WP quitting
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behavior. The addition of motivation to the model could explain why, in some cases, highly
threatening messages, even in the presence of low efficacy, may not elicit a danger control
process. Thus, motivation could be actually mediating this relationship and depending on the
intensity of the individual’s motivation level, the final response to the threat message could be
decided.
As mentioned earlier, a recent study using PATH data reported that there was no
association between Wave 1 WP tobacco package HWL exposure and Wave 2 WP use (King et
al., 2018). This dissertation will extend this work by examining associations over a longer follow
up and carefully examining potential mediators of this association, using EPPM constructs and
extending this conceptual model by also examining motivation to change as a mediator. The
dissertation proposes the following research questions:
Research Questions
RQ1: Is exposure to health warning labels on WP tobacco packages prospectively associated
with WP tobacco quitting behavior across three waves of the PATH prospective cohort study?
RQ2: To what extent do perceived threat and motivation to quit smoking mediate the relationship
between exposure to HWL and WP smoking quitting behavior?
Hypothesis 1:
HWL exposure at Wave 1 will be positively associated with intending to quit, attempting to quit
and quitting WP smoking at Wave 3.
Hypothesis 2:
Severity, susceptibility and motivation will mediate the effect of HWL exposure on intending to
quit, attempting to quit, and quitting WP smoking.
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CHAPTER 2: METHODS
Overview of the parent study (PATH)
This dissertation used data available in the Public Use Files (PUFs) from the three Waves
of the Population Assessment of Tobacco and Health (PATH) study. The PATH Study is a
longitudinal cohort study that enrolled a nationally representative sample of 45,971 civilian noninstitutionalized adults and youth in the USA, aged 12 years and older, who resided in the 50
states and Washington D.C. Wave 1 was conducted from 12 September 2013 to 15 December
2014. Waves 2 and 3 were conducted with roughly a one year interval between the waves. The
main purpose of PATH was to generate data on tobacco use patterns and determinants that could
be used to inform federal tobacco control policy (United States Department of Health and
Human Services, 2016). PATH used Audio Computer-Assisted Self- Interviewing (ACASI) to
collect information on tobacco use patterns and trends (including initiation, cessation, relapse,
and transitions between products), risk perceptions, and attitudes towards current and newly
emerging tobacco products (e.g., electronic cigarettes, WP) available in the U.S. (Hyland et al.,
2017). Additionally, the PATH study also collected biomarkers (saliva and urine samples) from
consenting individuals (Hyland et al., 2017).
The PATH used four-stage stratified area probability and a two-phase design for
sampling individuals. At the first stage, a stratified sample of 156 county or group of counties
[geographical primary sampling units (PSUs)] was selected. In the second stage, smaller
geographical segments were sampled within each selected PSU. At the third stage, residential
addresses listed in the U.S. Postal Service were sampled. The fourth and final stage involved
selecting individuals from the sampled households. In the fourth stage, adults and youth were
selected from the sampled households. A roster of all members in the sampled household was
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constructed by interviewing one adult household member (referred to as the household
informant) to list the household members and collect information about each member’s
demographic characteristics such as name, age, date of birth, and gender. This information was
then used to select the member whose age was first calculated based on the date of birth provided
during the interview. Respondents were sampled with predetermined sampling rates to
participate in Phase 2 of the screening process that led to the final sampling for the adult
interview, subject to the constraint that at most two adults were sampled from each household.
The selected household members to be interviewed were then re-asked about their demographic
information to confirm that the household informant had reported it correctly (United States
Department of Health and Human Services, 2016).
The complex probability sampling was performed to yield a nationally representative
sample of 45,971 persons (including 32,320 adults aged 18 and older and 13,651 youths aged
12–17). Bilingual (English and Spanish) field interviewers and versions of questionnaires were
used by trained interviewers (United States Department of Health and Human Services, 2016).
Analysis of data from complex sample designs, such as the PATH Study design, requires the use
of weights to account for variable probabilities of selection, differential nonresponse rates,
sampling design factors such as stratification and clustering, and possible deficiencies in the
sampling frame (e.g., under-coverage of certain population groups). Hence, demographic
characteristics of adults and youth selected for PATH were used in the creation of the sample
weights. These included gender, age, education level (for adults only), race, and ethnicity of the
sampled persons (United States Department of Health and Human Services, 2016). The Wave 1
interview rates are conditional on completion of the Wave 1 screener. The response rates for
Waves 2 and 3 are conditional on Wave 1 participation. Response rates are as follows:
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Household screener: 54.0 percent (weighted), Wave 1 Adult Interview: 74.0 percent (weighted),
Wave 2 Adult Interview: 83.2 percent (weighted), Wave 3 Adult Interview: 78.4 percent
(weighted) (United States Department of Health and Human Services, 2016). The Wave 1 Adult
Interview averaged ∼60 min. and each adult received a $35 incentive for completing the
interview (United States Department of Health and Human Services, 2016).
Study sample
This dissertation conducted a secondary data analysis of 32,320 adults aged 18 and older.
The analytic sample for this dissertation consisted of young adult (aged 18–34 years) current WP
tobacco users at Wave 1 (n=2729) who completed the survey at Wave 3, resulting in a final
analytic sample of 1916. Youth aged 12-17 were not included in the study sample for two
reasons. One, the questionnaire used for the youth had some items different than those asked for
the adults. Two, the number of youth who actually reported using a WP were too few to
contribute meaningfully to the results of the study (Salloum et al., 2017). Current WP use was
defined as use of WP daily or some days, based on the item “Do you now smoke hookah?” The
response options were every day, some days or not at all. This item was used to denote current
smoking, which is commonly defined as smoking every day or on some days because it often is
done intermittently, unlike cigarette smoking (King et al., 2018; Buu et al., 2018; Conway et al.,
2017). For analyses purposes, every day and somedays WP user were combined, and respondents
who answered not at all to the above item were excluded. The Institutional Review Board of the
University of Memphis exempted the secondary analyses of PATH data in this dissertation
project as not human subject research.

29

Figure 3 Sampling methodology
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Youth and adults aged > 12 years (Wave 1 n = 45971)

Adults- 18 years and above (n = 32320)

18 to 34 years old (n = 15447)

Ever hookah users (n = 8037)

Wave 1 – Past 30-day-hookah users (n = 2729)

Wave 3- past 30-day- Hookah users (n = 1916)
Figure 4 Illustration of study sample derived from PATH STUDY
Measures
Demographics:
PATH collected information on various sociodemographic variables. This study included
ages18–24 years or 25–34 years old since a continuous variable for age is not included in the
publicly available data file. Other variables included gender (male or female), race/ethnicity
(Hispanic, non-Hispanic white, non-Hispanic black, or other), level of education (less than high
school, high school graduate or equivalent, some college or associates degree, bachelor's degree
or advanced degree), annual household income ($24,999 or below, $25,000–$49,999, $50,000–
$99,000, $100,000 or above) and U.S. census region (Northwest, Midwest, South or West).
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WP smoking related variables
These included ownership of a WP (yes/no), usual place of smoking (home, friend’s
house, at a café, or somewhere else), whether WP is usually shared with others (yes/no), how
WP is usually purchased (in person, internet or telephone, do not purchase), usual purchase
location (gas station, convenience stores, bar/café, tobacco specialty stores or some other place)
whether the respondent has a regular WP tobacco brand (yes/no), and owns a WP (yes/no).
Independent variable (exposure to HWLs)
Exposure to HWLs on WP tobacco packaging was assessed only in Wave 1 with the
following item: “In the past 30 days, how often, if at all, have you noticed the health warnings on
packages of WP or hookah tobacco?” Participants responded using a 5-point response scale:
never, rarely, sometimes, often or very often. Due to low cell size count for some of these
categories, we combined sometimes and rarely, and often and very often to create three recoded
response categories never, sometimes/rarely, and often/very often.
Mediators
Threat (severity and susceptibility) and motivation, which were the hypothesized
mediators, were measured using two and one items, respectively, during Wave 1. One item each
representing severity and susceptibility measured the threat construct. The first item asked “To
what extent, if at all, has [using / your past use of] tobacco products damaged your health?” had
the following options to answer: not at all, a little, somewhat, and a lot. The second item was “to
what extent, if at all, are you worried that [using / your past use of] tobacco products will
damage your health in the future?”, and had the response choices not at all worried, a little
worried, moderately worried, and very worried. One item measured motivation by asking
“Overall, on a scale from 1 to 10 where 1 is not at all interested and 10 is extremely interested,
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how interested are you in quitting?”. The respondents could enter a number as their response on
a scale from one to ten, with 1 indicating not at all interested to 10 indicating extremely
interested. Due to low cell size count for some of these categories, motivation was categorized
into three responses: Not at all interested (those who answered 0), somewhat interested (those
who indicated 1 to 5), and very much interested (those who indicated 6 to 10). Thus, the
individual components of the threat and motivation constructs were considered as manifest
variables represented by three observed/manifested indicators. The four-stage stratified random
area probability & 2 phase design sampling methodology followed is illustrated in Figure 3
Dependent variables
WP quitting behavior was assessed during Wave 3 with three outcome/dependent
variables.
Intending to quit smoking: Among participants who at Wave 3 currently smoked WP every day
or some days, intending to quit smoking was assessed with the item “Do you plan to ever quit
hookah for good?”, with response choices of yes or no.
Attempting to quit: Among participants who at Wave 3 currently smoked WP every day or
someday users at the Wave 3 interview, quitting attempts were assessed with the item “In the
past 12 months, have you tried to quit using hookah completely?” with response choices of yes or
no.
Completely quit WP smoking: Among participants who at Wave 3 currently smoked WP everyday or someday users at the Wave 3 interview, completely quitting was assessed by the item
Have you completely quit smoking hookah? which had options of answering Yes or No. More
details of each item from the PATH Questionnaire is available online (https://www. icpsr. umich.
edu/ icpsrweb/ NAHDAP/ series/ 606)
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Statistical analysis
Primary analyses
Initially the extent and pattern of missing data for all covariates, exposure and outcome
variable measures were examined which indicated no demographic and co-variate variables were
missing at a rate higher than 2%. Variables which had missing observations were accounted for
using the Full Information Maximum Likelihood (FIML) method. FIML approach estimates
parameters in the presence of missing data by computing a case-wise likelihood function with
observed variables for each case (Olinsky, Chen, & Harlow, 2003; Schlomer, Bauman & Card,
2010). Unlike multiple imputation (MI), FIML method does not impute missing values into
newly created data sets but rather estimates parameters on the basis of the available complete
data as well as the implied values of the missing data given the observed data (Enders &
Bandalos, 2001). There are two primary advantages of using FIML over imputation techniques:
(a) both the imputation procedure and the analysis are executed within the same step and (b)
FIML produces more accurate standard errors by retaining the actual sample size (Graham,
Hofer, & MacKinnon, 1996 Olinsky et al., 2003). Moreover, the FIML method was selected as
it accounts for minor violations of normality and also due to its robustness in estimating
maximum likelihood parameters with available observations thereby accounting for missing data
(Enders & Bandalos, 2001 Graham, 2009). All descriptive analyses for the study were completed
using Statistical Analysis System (SAS Institute, 2005) 9.4 using the PATH survey weights to
compensate for variable probabilities of selection, differential nonresponse rates, and possible
deficiencies in the sampling frame (e.g., the under-coverage of certain population groups). The
procedural commands SURVEY/WEIGHT were used since the PATH study involves a complex
design of weighted samples to account for standard error and variances to derive accurate
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estimates (United States Department of Health and Human Services, 2016). Several demographic
variables like age, gender and household annual income were examined as potential confounders.
Confounding was assessed by comparing adjusted and unadjusted effect estimates for HWLs
exposure and primary and secondary outcomes by following the >10% rule (Maldonado &
Greenland, 1993). If the observed effect sizes in regression models differed by a relative
magnitude more than 10%, then it was not included in the further multivariable models. Thus, all
the descriptive and regression analysis reflect unadjusted values.
Path Analysis
Path analysis is a type of structural equation modeling (SEM) used to evaluate causal
association models by examining the relationships between dependent and independent
variables. Using this method one can estimate both the magnitude and significance of causal
connections between variables b. Path analysis is usually employed to determine whether or not
a multivariate set of observational data fits well with a particular a priori hypothesized causal
association model.
The theoretical model was evaluated using path analysis which is a basic type of
Structural Equation Modeling (SEM) that involve only observed or manifest variables without
any latent or unobserved variables. Path coefficient is a standardized regression coefficient (beta)
that decomposes the effect (direct, indirect and total effects) of an independent variable on a
dependent variable in the path model (Nguyen, Dunne, & Debattista, 2013). The residual error
terms are also called disturbance terms which reflect the unexplained variance and measurement
error. Path analysis was performed to examine whether HWL exposure was associated with WP
quitting behavior, and to determine whether severity, susceptibility and motivation were
mediating pathways to WP quitting behavior. Path analyses were conducted in Mplus 7.4
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(Muthen and Muthen) software, and unstandardized parameter estimates were derived using
FIML to account for missing data.
Standardized parameter estimates are transformations of unstandardized estimates that
can be used for comparisons of parameters throughout the model. The coefficients for path
analysis may be expressed in either of two metrics (Carey, 1998). The first metric is called
unstandardized, and it uses the measurement scale of the original variables. The paths are
unstandardized regression coefficients and the covariance link the independent variables to
explain variance and covariance. The second metric is called standardized in which all variables
will have means of 0 and standard deviations of 1.0. This is the result of a path analysis or
regression performed on all variables that have been transformed into standardized variables.
Thus, in standardized units, the path coefficients equal the standardized regression coefficients or
the beta weights (Carey, 1998). Unstandardized parameter estimates retain scaling information
of variables involved and can only be interpreted with reference to the scales of the variables.
The standardized estimates correspond to effect size estimates and standardized path coefficients
with absolute values less than 0.10 indicate a “small” effect, values around 0.30, a “medium”
effect, and values greater than 0.50 indicate a “large” effect (Suhr, 2008).
A parameter is said to be identified if a unique, best fitting estimate of the parameter can
be obtained based on the sample of data at hand (Brannick, 2007). For example, a path
coefficient is identified if a single beta weight is associated with it and the beta weight can be
estimated with the given data. A path diagram model is said to be identified if all of the
parameters in the model are identified. A path model is considered under-identified, or
unidentified, if the parameters in the set of simultaneous equations implied by the path diagram
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model does not have sufficient correlations in it to offer a parsimonious unique solution to the
model parameter estimates (Brannick, 2007).
Similarly, a path model is considered as just-identified if the parameters in the set of
simultaneous equations implied by the path diagram model does have enough correlations in it to
offer a parsimonious unique solution to the model parameter estimates. Furthermore, a path
model is considered as over identified if there are some correlations left over after all the
parameters in the path model have been estimated. If we estimate the parameters of a justidentified model from a correlation matrix, the model fit will be “perfect” which indicates that
the parameter estimates will always reproduce the correlation matrix exactly. Lastly, if the model
is over-identified, then the parameter estimates do not have to reproduce the correlation matrix
exactly. Thus we can compare the observed correlation matrix to the one based on our study
model parameter estimates to examine the model fit (Brannick, 2007).
A graphical representation of the conceptual theoretical model is presented in Figure 5.
In the estimation of this modified EPPM, all the constructs were categorical manifest variables
(observed variables) and involved no latent variables. Intending to quit, attempting to quit, and
completely quitting WP use were analyzed as outcomes. All path analyses were done using
MPlus software, version 7.4 (Muthén & Muthén, 2010). Parameter estimates for total effects,
direct effects, indirect effects, and standard errors were estimated using the “Model Indirect”
command in MPlus (Muthén & Muthén, 2010 Bauer & Curran, 2005). The analyses included
only current WP tobacco users at Wave 1 who completed the survey at Wave 3 (N=1916).
Sensitivity analyses were conducted to check if the pattern of results changed if ‘ever smokers’
were analyzed (N=8036), defined as respondents who had smoked WP at least one time in their
entire life) instead of restricting the sample to those who currently smoked.
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Susceptibility

Intending to quit

Severity

HWL exposure

Attempting to quit

Motivation

Completely quit

Figure 5 Conceptual theoretical model (extended EPPM) illustrating the effect of HWL exposure on intending to quit, attempting to
quit, and completely quitting with severity, susceptibility and motivation as mediators
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Model fit indices
‘Model fit’ refers to the ability of a model to represent the data. In other words, it refers
to how closely the observed data match the relationships specified in a hypothesized model. The
conceptual path analysis model in this dissertation was evaluated for model fit by four widely
used indices (Kline, 2005 McDonald & Ho, 2002 Tabachnick, Fidell & Ullman, 2007), including
(1) Weighted root mean square residual (WRMR Distefano et al., 2018), (2) Non-normed Fit
Index or Tucker Lewis Index (TLI Tucker & Lewis, 1973) (3) Steiger-Lind root mean square
error of approximation (RMSEA δ Steiger, 1990), and (4) Bentler comparative fit index (CFI
Bentler, 1990). This test retains the most parsimonious model with the maximum degrees of
freedom (Hu & Bentler., 1999; Hooper et al., 2008).
The WRMR is an absolute measure of fit and denotes the standardized difference
between the observed correlation and the predicted correlation. An “absolute” measure of fit
does not compare the model with a particular distribution, but instead use the data to generate a
model and indicates how close the observed data points are to the model’s predicted values
(Hoyle, 1995). The WRMR converts the sample and predicted covariance matrices into
correlation matrices and compares the two for discrepancies. It is a positively biased measure,
which is greater for small sample sizes and for low degree of freedom (df) studies. A value of
zero indicates perfect fit and a value less than .08 is generally considered to indicate “good” fit
(Hu & Bentler, 1999) since it is based on the non-centrality parameter (Distefano et al., 2018).
RMSEA scores (ε) measure the error of approximation, which is the discrepancy between the
model’s covariance matrix and the population’s covariance matrix, and higher scores indicate
more error of approximation. It also approximates a non-central chi-square distribution, which
assumes there is no model with perfect a fit, and penalizes complex models. Another advantage
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of RMSEA is that a confidence interval can be computed with the ideal lower value very near
zero (or no worse than 0.05) and the upper value is less than .08. This width of the confidence
interval is very informative about the precision in the estimate of the RMSEA. Moreover,
RMSEA scores include 90% confidence intervals to account for the uncertainty associated with
its corresponding point estimate (Steiger, 1990). The CFI is a member of the comparative fit
indices and compares the proposed model to a baseline or independence model, which is a model
that assumes no covariances within the population among the observed variables, and higher
values represent a model with a better fit compared to the baseline model (Bentler, 1990).
These fit indices need to be carefully and comprehensively interpreted together to
evaluate appropriateness of the proposed model for the observed data. For this study, the
recommended values for interpreting fit indices were followed diligently. The minimum scores
for model acceptance using CFI scores are .90 or higher (Bentler, 1990). Also, RMSEA scores
less than .05, with the upper bound of the 90% confidence interval less than .10 and the lower
bound less than .05, indicate good model fit WRMR scores less than .08 also indicate good
model fit (Distefano et al., 2018 Steiger, 1990). A non-significant chi-square for the model chisquare test suggests a model with a good fit (Hooper et al., 2008). The TLI is relatively
independent of sample size and is non-normed in that its value can occasionally be negative or
exceed 1. The TLI values can fall outside the 0-1 range (Sharma et al, 2005; McDonald and
Marsh, 1990).
The evaluated conceptual theoretical model presented in Figure 4 may be described as a
mediation path analysis with manifest variables. Mediation was tested through the evaluation of
total, direct, and indirect effects (Baron & Kenny, 1986) in SAS 9.4 using the PROC CALIS
procedure. Path analysis was conducted to determine if an independent variable had a significant
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effect on a mediator and whether the mediator also has a significant effect on the dependent
variable. The effect is considered to be mediated if there is a significant reduction in the effect of
the independent variable on the dependent variable (Baron & Kenny, 1986). In this study, HWL
exposure is proposed to influence severity, susceptibility and motivation, which in turn affect WP
quitting behavior (intending to quit, attempting to quit, and completely quitting WP smoking)
through the mediating effect. This indirect effect (mediating) is obtained by multiplying the two
effects associated with these pathways (Hayes, 2013). Additionally, there is the direct effect,
which is the effect of HWL exposure on WP quitting behavior without the effects of severity,
susceptibility and motivation (Rucker et al., 2011). This combination of the indirect and the
direct effects results in the total effect. The obtained total effect is a result of regressing WP
quitting behavior on HWL exposure (Hayes, 2013 Rucker et al., 2011). Furthermore, the
coefficients associated with the various pathways represent the unstandardized regression
coefficients. Thus, the result of the mediation analysis will be determined by the magnitude of
the indirect and the direct effects (MacKinnon, Fairchild & Fritz, 2007). If the indirect effect is
significant, then the effect of the independent variable/s on the dependent variable/s is considered
to be mediated (MacKinnon, Fairchild & Fritz, 2007). When there is mediation, the direct effect
may disappear or remain significant. If the direct effect disappears, then it represents complete
mediation (i.e., the effect of the independent variable on the dependent variable is entirely due to
the mediators), whereas if the direct effect remains, then we can conclude that there is evidence
of partial mediation (i.e., mediator does account for part of the relationship between the
independent and dependent variables, but, the independent variable still predicts the dependent
variable even when taking into account the mediators (MacKinnon, Fairchild & Fritz, 2007).
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CHAPTER 3: RESULTS
The analytic sample for this dissertation consisted of young adult (aged 18–34 years)
current WP tobacco users at Wave 1 (n=2729) who completed the survey at Wave 3, resulting in
a final analytic sample of 1916. Thirteen observations which were missing either due to no
response, inapplicable or answered as don’t know to the health warning exposure item were
excluded, and 1916 remained for further analyses and model estimation after careful data
screening and cleaning. The sample consisted of 46.3% females, 63.9% whites and 16.3%
Blacks. Few (2.1%) were every day WP users. Just more than one-third (35.9%) of respondents
reported past 30-day exposure to WP tobacco package warnings at Wave 1. Frequency of
warning exposure ranged from “rarely” (18.1%, n=346), to “sometimes” (9.6%, n=183), “often”
(4.3%, n=82) and “very often” (2.9%, n=56). The descriptive characteristics of the participants at
Wave 1 from the PATH study are presented in Table 1 and Table 2.
Table 1
Participant Characteristics at Wave 1 from the PATH Study, (N=1916)
Characteristics
Age group
18-24 years
25-34 years
Sex
Female
Male
Race
White alone
Black alone
Other
Household annual income
< $50,000
>$50,000
Where you smoke
Bar/cafe
At home
Friend’s place
Somewhere else
Owns waterpipe
Yes
No

Weighted % (95% CI)
66.7 (63.6 69.6)
33.3 (30.3 – 36.4)
43.7 (41.1 – 46.2)
56.3 (53.8 – 58.9)
66.8 (63.5 - 69.9)
16.7 (14.5 - 19.1)
16.5 (14.2 - 18.9)
72.2 (69.3 – 74.9)
27.8 (25.1 – 30.7)
53.8 (51.2 – 56.2)
31.8 (29.2 – 34.5)
9.1 (7.8 – 10.9)
5.2 (4.3- 6.5)
30.7 (28.3 - 33.2)
69.3 (66.8 - 71.7)
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Table 1 (Continued)
Characteristics
Has regular WP tobacco brand

Weighted % (95% CI)

Yes
No
How purchase tobacco
Does not purchase
In person, internet, telephone
Where buy tobacco
Gas station
Tobacco store
Bar/café/Other places
HWL exposure in last month
Never exposed
Rarely/Sometimes
Often/ Very often
Perceived severity of health effects from WP
smoking
No
Yes
Perceived susceptibility of health effects from WP
smoking
No
Yes
Motivation to quit smoking WP
Not at all
Somewhat interested
Very much interested
Intending to quit
Yes
No
Attempting to quit in the past 12 months
Yes
No
Quit smoking WP completely
Yes
No

84.2 (82.6 - 86.1)
15.7 (3.9 - 5.9)
43.1 (40.2 – 45.9)
56.9 (54.0 – 59.7)
42.7 (39.5 – 46.1)
44.5 (41.3 – 47.7)
12.8 (10.3 – 15.8)
65.1 (62.3 - 67.7)
28.3 (26.0 - 30.8)
6.6 (5.5 – 8.0)
56.4 (53.8 – 59.0)
43.5 (40.9 – 46.1)
33.0 (30.8 – 35.4)
66.9 (64.7 – 69.2)
66.4 (64.1 – 68.6)
5.5 (4.3 – 7.0)
28.1 (25.7 - 30.7)
11.0 (9.3 – 13.1)
89.0 (86.9 – 90.7)
55.5 (52.5 – 58.4)
44.5 (41.4 – 47.4)
66.9 (64.0 – 69.7)
33.1 (30.2- 35.9)
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Table 2
Frequency of Outcome Variables
Intending to quit*
Yes
No
Total
Attempting to quit**
Yes
No
Total
Completely Quit***
Yes
No
Total

Frequency
168
1296
1464

Std Dev of
Wgt Freq
62160
215131
228566

Percent
11.0261
88.9739
100.000

Std Err of
Percent
0.9583
0.9583

964
751
1715

178008
152999
253029

55.5359
44.4641
100.000

1.4800
1.4800

936
446
1382

171119
103069
208892

66.9352
33.0648
100.000

1.4459
1.4459

Note: *Frequency Missing = 452, *Frequency Missing = 201, ***Frequency Missing = 534

HWL exposure characteristics
WP tobacco package warning exposure was related to several socio-demographic and
WP use behaviors (Table 3). Males compared to females were exposed more to the HWLs on
WP tobacco packages (often/very often OR=1.88, 95% CI 1.37- 2.56). Those who were 18-24
year olds were more likely than 25-34 year olds to have been exposed to HWLs often/very often
(vs. never) (OR=0.45, 95% CI 0.27- 0.76). There were no differences in exposure based on race
or annual household income. Those who usually did not share the same WP with others were
more likely than those who usually shared the same WP with others to report exposure
(often/very often= OR=0.35, 95% CI 0.17- 0.72). Those who did not usually purchase WP
tobacco were less likely than those who usually purchase WP tobacco to report exposure
(rare/sometimes OR=2.05, 95% 1.57- 2.66 often/very often OR=3.98, 95% CI 2.43- 6.50).
Similarly, those who had a regular brand of WP tobacco were more likely than those who did not
have a regular brand to report exposure (rare/sometimes OR=2.89, 95% CI 2.10- 3.98 often/very
often OR=5.42, 95% CI 3.65- 8.05). Those who owned a hookah reported more exposure
compared to those who did not own (rare/sometimes OR=1.94, 95% CI 1.50- 2.51 often/very
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often OR=3.10, 95% CI 2.05- 4.68). Finally, those who smoked at home, friend’s place, or at
other places had significantly higher odds of being exposed to HWLs compared to those who
smoked at bar/café (rare/sometimes OR 1.70, 95% CI 1.02- 2.81;1.36, 95% CI 1.02- 1.82; 1.80,
95% CI 1.06- 3.05).
Table 3
Factors related to Wave 1 WP Tobacco Package Warning Exposure (N=1916)
Rarely/sometimes vs. never
Effect
Age
18-24
25-34
Race
White
Black
Others
Gender
Female
Male
Income
< $50,000 vs >$50,000
< $50,000 vs >$50,000
Own Hookah
No
Yes
Regular brand
Yes
No
Where you smoke
Bar/cafe
At home
Friends place
Somewhere else
Share Hookah
Yes
No
Where you buy
Hookah Bar/Café
Other places
Gas station/specialty tobacco
How you buy
I do not buy
In person/ Internet/phone
Bold indicates significant at p<0.05.

Often/Very often vs. never

Odds ratio

95% CI

Odds ratio

95% CI

Ref
0.92

0.72- 1.16

0.46

0.27- 0.77

Ref
0.87
1.35

0.64- 1.20
0.98- 1.86

1.50
1.78

0.95- 2.38
0.95- 3.34

Ref
1.16

0.88- 1.53

1.88

1.37- 2.58

Ref
0.80

0.56- 1.13

0.60

0.33- 1.10

Ref
1.95

1.50- 2.52

3.10

2.04- 4.71

Ref
2.89

2.10- 4.00

5.43

3.65- 8.10

Ref
1.70
1.36
1.81

1.02- 2.81
1.02- 1.82
1.06- 3.08

2.98
1.97
1.24

1.34- 6.64
1.10- 3.57
0.50- 3.07

Ref
0.63

0.39- 1.01

0.35

0.17- 0.73

Ref
0.60
0.97

0.38 - 0.94
0.63- 1.5

0.57
0.86

0.27- 1.21
0.45- 1.66

Ref
2.05

1.57- 2.68

3.98

2.42- 6.54
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Multivariable logistic regression models were used to examine associations between WP
tobacco package warning exposure at Wave 1 and WP quitting behavior (intending to quit,
attempting to quit and completely quitting) at Wave 2. There was no significant effect of HWL
exposure on intending to quit, attempting to quit or completely quitting WP use at Wave 2 (p
>0.05) (Table 4).
Table 4
Odds for WP Quitting Behavior at Wave 2, OR (95% CI), n=1916
Characteristic

Intending to quit

Attempting to quit

Completely Quit

Never exposed

Ref

Ref

Ref

Rarely/Sometimes

0.94 0.73- 1.22

0.91 0.59- 1.41

0.93

0.60- 1.55

Often/ Very often

1.08 0.68- 1.74

1.03 0.67- 1.58

0.96

0.60- 1.45

HWL exposure

Table 5
Odds for WP Quitting Behavior at Wave 3 OR (95% CI), n=1916
Characteristic

Intending to quit

Attempting to quit

Completely Quit

Never exposed

Ref

Ref

Ref

Rarely/Sometimes

0.87

0.57 - 1.34

0.94

0.62 - 1.43

1.01

0.59 - 1.70

Often/ Very often

0.90

0.42 - 1.94

1.16

0.76 - 1.76

0.97

0.56 - 1.66

HWL exposure

Note: Bold indicates significant at p<0.05.

Hypothesis 1: HWL exposure at Wave 1 will be positively associated with intending to quit,
attempting to quit and completely quitting WP smoking at Wave 3.
Multivariable logistic regression models were used to examine associations between WP
tobacco package warning exposure at Wave 1 and WP quitting behavior (intending to quit,
attempting to quit and completely quitting) at Wave 3. Data for the regression models were
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analyzed using SAS version 9.4 (2016). There was no significant difference between those who
were never exposed, rarely/sometimes and often/very often to HWL on quitting intending, quit
attempting or WP completely quitting at Wave 3 (p >0.05) (Table 4). As a result, Hypothesis 1
is not confirmed.
The associations of the three mediators in the model (severity, susceptibility and
motivation) with HWL exposure at Wave 1 (Table 6) negligible effect of mediating variables.
For instance, perception of severity of the HWL message was too low and insignificant.
Compared to not at all worried about the susceptibility of the health effects of WP smoking very
few were little worried. Similarly, there was less motivation among respondents intending to
quit, attempting to quit or completely quitting WP smoking.
Table 6
The Associations of Severity, Susceptibility and Motivation with HWL Exposure at Wave 1
(N=1916), Odds Ratios and 95% Confidence Intervals)
Frequency of exposure to HWLs in the past month
Rarely/sometimes
.

OR

95% CI

Often/very often
OR

95% CI

Severity
not at all

Ref

a little/somewhat

0.97

0.73-1.28

0.81

0.54- 1.22

a lot

1.39

0.67- 2.92

1.27

0.41- 3.40

Susceptibility
not at all worried

Ref

a little worried

1.43

1.11- 1.84

1.01

0.64- 1.61

moderately worried

1.09

0.76- 1.56

1.15

0.63- 2.10

very worried

1.09

0.76- 1.55

1.15

0.63- 2.08

1.29- 4.52

1.91

0.83- 4.39

Motivation
Not at all

Ref

Somewhat interested

2.40

0.60- 1.54
1.03
0.78- 1.35
0.96
Very much interested
Referent for HWL exposure was never exposed to HWL in the last 30 days, bold indicate statistically
significant p<.05.
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Model fit indices for the tested model are presented in Table 7. Four commonly used fit
indices were examined to determine how well the measurement model fit the data, i.e., by
comparing the observed covariance matrix to the model estimated covariance matrix (Yuan,
2005 Kline, 2005). The table reports the Weighted Root Mean Square Residual (WRMR), the
Comparative Fit Index (CFI), the Root Mean Square Error of Approximation (RMSEA), and the
Tucker-Lewis Index (TLI). Conventional values for the CFI greater than .95 suggest a good fit
between data and the path model (Hu and Bentler 1999). Similarly, the TLI should be between
<.08 for an adequate fit (Marsh, Balla, & McDonald, 1988 Marsh, Hau & Wen, 2004). The
WRMR and RMSEA values less than .09 suggest acceptable fit, and values less than .05 suggest
good model fit (McDonald & Ho, 2002).
Table 7
Goodness-of-Fit Indices for Direct, Indirect and No Effects Models (N = 1916)
Model Fit
Indices
Chi-square test*

Root Mean
Square of Error of
difference
Approximation
(RMSEA)**
Tucker Lewis
Index (TLI)***

Weighted Root
Mean Square
Residual
(WRMR)****

Description

Acceptable values

Test statistic predicts the
goodness of fit of a model by
comparing the observed
covariance matrix with a
theoretically proposed
covariance matrix.*
Estimates the difference between
the study model and a
hypothetical model where every
component in the model is
related to every other component.
Compares the proposed factor
model to a model in which no
interrelationships at all are
assumed among any of the
items.*
Most suitable in assessing
models from non-normal data,
widely unequal variances or
categorical variables.*
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Chi-square test of model fit has
been assessed to be overly
sensitive to sample size and to
vary when dealing with nonnormal variables. This study did
not refer to this index for model
fitness.
RMSEA ≤0.10

Observed
values
553.01
(p value=
0.000)

0.13

TLI ≥0.95

-6.86

WRMR ≤0.01

0.18

Table 7 (Continued)
Model Fit
Indices
Comparative Fit
Index (CFI)***
**

Description

Acceptable values

Measures the relative
improvement in the fit of study
model over that of a baseline
model*

CFI ≥0.95

Observed
values
0.62

Note: Cochran, 1952*, Bentler and Bonnett, 1980*, Browne and Cudeck, 1993*, Hu and Bentler (1999*,
Bentler, 1990

These indices have been chosen over other indices as they have been found to be the most
insensitive to sample size, model misspecification and parameter estimates (Crowley and Fan
1997 McDonald and Ho, 2002 Hooper et al., 2008). First, the model χ² test values were χ² (N =
1916, df= 9) = 722.8, p = <.0001, indicating poor model fit. Second, the Bentler comparative fit
index (CFI), an incremental index, was evaluated due to its being one of the measures least
affected by sample size (Fan et al, 1999). (Bentler, 1990). The CFI tested the difference between
the null model, which assumes zero population covariance among variables, and the
measurement model. The obtained CFI value of .62 was well above the recommended cutoff
value of .95, indicating poor model fit (Hu & Bentler, 1999). The third index reviewed was the
Tucker Lewis Index (TLI), also known as the non-normed fit index (Bentler & Bonett, 1980).
The main contribution of this incremental index was its penalty for adding parameters, thus
favoring parsimony. The negative TLI of -6.18 for the measurement model was very far to the
recommended cutoff of .80 (Hu & Bentler, 1999), indicating poor model fit. Lastly, the root
mean square error of approximation (RMSEA Steiger, 1990) was evaluated. The RMSEA
incorporates an adjustment for parsimony, and does not assume a true null hypothesis that all
covariance in the population are zero. The measurement model’s RMSEA estimate of .64 (90
Percent C.I. [0.11- 0.18]) indicated a very high value above the recommended .06 cutoff (Hu &
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Bentler, 1999) indicating a poor model fit. The WRMR index value was 3.81 well far from the
receommended value of <1.0 indicating poor fit. Overall, the full conceptual model tested in this
study had a poor fit. Since the hypothesized relationship between the constructs of the model was
a priori, this model was subsequently interpreted without making any modification of the
conceptual theoretical model.
In accord with EPPM, this study hypothesized that HWL exposure would significantly
predict intending to quit, attempting to quit and completely quitting WP smoking and that the
effect of HWL exposure will be mediated through threat and motivation. Although all indices for
the model suggested poor fit, mediation can still be tested because they can act in opposite
directions, creating a suppression effect (McFatter, 1979). This kind of effect results in situations
where direct and indirect effects of fairly similar magnitudes and opposite signs result in a
nonzero but non-significant overall relationship. It is acknowledged that mediation can exist
even if there is not a significant relationship between the predictor and outcome variables (Judd
and Kenny, 1981). Furthermore, a p-value of >.05 does not necessarily mean there is no effect.
Rather, it means that there is not enough evidence to make a conclusion about the presence or
absence of the specific effect of HWL exposure on WP quitting behavior.
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0.00 (0.00)

0.02 (0.06)
Susceptibility

Intending to
quit
-0.07 (0.06)

Severity
0.00 (0.02)
0.02 (0.06)

Attempting to
quit

HWL exposure

0.02 (0.06)

-0.00 (0.01)
Motivation

-0.00 (0.01)

Completely
quit

0.04 (0.06)

Figure 6 Structural model determining intending to quit, attempting to quit and completely quitting predicting both Direct and Indirect
Effects of HWL exposure on Participants’ WP quitting behavior. A dotted path arrow denotes an in-significant path (p<.05), Bold coefficient indicates indirect effect and italicized indicates total effect.
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Hypothesis 2: Severity, susceptibility and motivation will mediate the effect of HWL exposure on
intending to quit, attempting to quit and completely quitting WP smoking
Path analysis results indicated that there is no direct or indirect effect of HWL exposure
on intending to quit, attempting to quit and completely quitting. This type of effect is often
referred as No-effect non-mediation: Neither direct effect nor indirect effect exists (Zhao, Lynch
Jr & Chen, 2010). Furthermore, there was no statistically significant direct or indirect effect on
the intending to quit outcome. The unstandardized and standardized co-efficient estimate
estimates, standard error and significance values are illustrated in Tables 7 and 8, respectively.
Figures 7, 8 and 9 show the paths and regression estimates for the effect of HWL exposure on
severity, susceptibility and motivation, and their effect on intending to quit, attempting to quit
and completely quitting WP.
Table 8
The Unstandardized Total, Direct and Indirect Effects of HWL on Intending to Quit, Attempting
to Quit and Completely Quitting with Standard Error and P Values
Total

Direct

Indirect

Effect
Std Error
p Value

-0.07
0.06
0.26

-0.07
0.06
0.25

0.00
0.00
0.91

Attempting to quit
Effect

0.02

0.02

0.00

Std Error

0.06

0.05

0.02

p Value

0.63

0.62

0.99

Completely Quit
Effect

0.04

0.04

-0.00

Std Error

0.06

0.06

0.01

Intending to quit

p Value
0.43
0.41
Notes: Estimate = regression coefficient SE =standard error P value <0.05
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0.96

Table 9
The Standardized Total, Direct and Indirect Effects of HWL on Intending to Quit, Attempting to
Quit and Completely Quitting with Standard Error and P Values
Total

Direct

Indirect

Intending to quit
Effect

-0.04

-0.04

0.00

Std Error

0.03

0.03

0.00

p Value

0.26

0.25

0.91

Attempting to quit
Effect

0.01

0.016

0.00

Std Error

0.03

0.0

0.02

p Value

0.63

0.62

0.99

Completely Quit
Effect
Std Error
p Value

0.02
0.03
0.433

0.02
0.03
0.418

-0.00
0.01
0.962

Notes: Estimate = regression coefficient, SE =standard error P value <0.05

The unstandardized indirect and total effects of HWL exposure on intending to quit,
attempting to quit and WP completely quitting with all the three mediators in the model is shown
in Figure 4. Unstandardized and standardized estimates of total and direct effects from HWL
exposure to intending, attempting to quit and completely quitting variables are presented in
Table 8 and Table 9.
Intending to quit
For intending to quit, none of the effects were significant. Both the total effect (Effect= 0.07 S.E= 0.06, p=0.26) and the direct effect (Effect= 0.07 S.E= 0.06, p=0.25) were not
significant. Regarding the test of the indirect (mediational) effect, HWL exposure was not
predictive of intending to quit indirectly through the severity, susceptibility and motivation
(Effect= 0.00 SE = 0.00 p=0.91).
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Attempting to quit
Both the total effects (Effect= 0.02 S.E= 0.06, p=0.63) and the direct effects (0.02 S.E=
0.05, p=0.62) were not significant for the attempting to quit outcome. In terms of the test of the
indirect effect, HWL exposure was not predictive of attempting to quit through the effect of
severity, susceptibility and motivation, the effect was not statistically significant (Effect= 0.00 S.
E= 0.02, p=0.99)
Completely quitting WP
Both the total effects (Effect= 0.04 S.E= 0.06, p=0.43) and the direct effects (0.04 S.E=
0.06, p=0.43) were not significant for the WP completely quitting outcome. In terms of the test
of the indirect effect, HWL exposure was not predictive of WP quitting indirectly mediated by
severity, susceptibility and motivation (Effect= -0.00 S.E= 0.01, p=0.96).

Severity
Path1. 0.00 (0.00)

HWL exp

-0.04 (0.03)

Susceptibility

-0.00 (0.01)

Intending to quit

Path2. -0.00 (0.00)

Motivation
Path3. 0.00 (0.00)

Figure 7 The extended EPPM mediation model illustrating the indirect effects of HWL exposure
on intending to quit (unstandardized estimates) with severity, susceptibility and motivation as
mediators. A solid path arrow denotes a significant path (p<.05), and dotted path arrow denotes a
non-significant path.
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Results of analyses did not support the potential mediation (indirect effect) of severity,
susceptibility, or motivation on intending, attempting to quit and completely quitting. As shown
in Figure 5, the pathway from HWL exposure to intending to quit through severity,
susceptibility and motivation was (β=-0.00, SE=0.00 β 0.00, SE=0.00 and β=-0.00, SE=0.00
respectively), which was non-significant (p>.05).
As shown in Figure 6, the pathway from HWL exposure to attempting to quit through
severity, susceptibility and motivation was (β=0.09, SE=0.03 β 0.09, SE=0.03 and β=-0.09,
SE=0.03 respectively) non-significant (p>.05).

Severity
Path1. 0.09 (0.03)

HWL exp

-0.04 (0.03)

Susceptibility

-0.01 (0.01)

Attempting to
quit

Path2. 0.09 (0.03)

Motivation

Path3. 0.09 (0.03)

Figure 8 The extended EPPM mediation model illustrating the indirect effects of HWL
exposure on attempting to quit (unstandardized estimates) with severity, susceptibility and
motivation as mediators. A solid path arrow denotes a significant path (p<.05), and dotted path
arrow denotes a non-significant path.
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As shown in Figure 7, the pathway from HWL exposure to completely quitting WP use
through severity, susceptibility and motivation was (β=0.09, SE=0.03 β=0.09, SE=0.03 and
β=0.09, SE=0.03, respectively) which was non-significant (p>.05).

Severity

Path1. 0.02 (0.03)

HWL exp

-0.03(0.02)

Susceptibility

-0.02(0.01)

Completely quit

Path2. 0.06 (0.03)

Motivation

Path 3. 0.09 (.0.03)

Figure 9 The extended EPPM mediation model illustrating the indirect effects of HWL exposure
on quitting WP use (unstandardized estimates) with severity, susceptibility and motivation as
mediators. A solid path arrow denotes a significant path (p<.05), and dotted path arrow denotes a
non-significant path.

Additional analyses
Sensitivity analyses were conducted to evaluate whether paths might be stronger from
Wave 1 to Wave 2 than Wave 1 to Wave 3. These analyses substituted completely quittingrelated outcomes at Wave 2 for Wave 3. The results of these analyses mirrored the results from
the main model. Intending to quit, attempting to quit, and completely quitting were not
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significantly influenced by the HWL exposure (β=0.05, SE=0.03 β=0.00, SE=0.01 and β=0.02,
SE=0.03 respectively). Additionally, there was no mediation effect of severity, susceptibility or
motivation on intending to quit, attempting to quit and WP completely quitting behavior. As in
the main model, this sensitivity model had poor model fit scores according to the chi-square test
of model fit (DF=72, =603.76, p<.0001), RMSEA (ε=0.13 [90% CI=0.12, 0.24]), CFI (0.24), and
WRMR (0.12). Similar sensitivity analyses done to see if there was any effect of including selfefficacy instead of motivation as in the original EPPM model also did not yield any significant
effect of HWL exposure on WP quitting behavior outcomes.
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CHAPTER 4: DISCUSSION
The purpose of this dissertation was to examine if exposure to HWLs on WP tobacco
packaging predicting quitting behaviors, and whether this association was mediated by perceived
severity of WP-related harms, perceived susceptibility to experiencing these harms, and
motivation to quit using WP. The remainder of this chapter discusses the main findings of the
study in the context of the literature on tobacco HWLs and finally addresses the limitations of
this dissertation as well as recommendations for future research.
This dissertation found no evidence supporting the association between exposure to
HWLs on WP tobacco packages and WP quitting behaviors. No significant associations of HWL
exposure on intending to quit, having made a quit attempt, or completely quitting were found at
long term follow-up (Wave 3, occurring two years after baseline data were collected). Likewise,
associations were not significant for quitting outcomes assessed at Wave 2 (one year after
baseline data were collected). These results are consistent with results reported from the study by
King et al. (2018) which found no significant difference in WP current use among those who
were exposed to, with those who were not exposed to HWLs (OR=1.01 C.I=0.76, 1.35). This
dissertation extends findings from King et al, (2018) by examining outcomes at longer-term
follow-up and expanding the outcomes that were assessed. Outcomes reported in this
dissertation, intending to quit, attempting to quit and completely quitting are in alignment with
standard smoking behavior outcomes reported in the cigarette literature (Fagan et al., 2007;
Tworek et al., 2014) and provide a more nuanced assessment than King et al.(2018) was able to
accomplish about multiple, specific features of quitting that HWL exposure could influence. The
non-significant results of King et al. (2018) and this dissertation are inconsistent with a large
literature demonstrating that HWLs on cigarette packages increase cessation and decrease
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initiation of smoking (Hammond, 2011; Thrasher et al., 2012; Noar et al., 2016; Brewer et al.,
2016).
There are several possible reasons for the lack of significant exposure/quitting
associations in this study. First, it is possible that the magnitude and/or duration of exposure was
too limited to encourage quitting. More than half of waterpipe smokers (62.3%) reported having
never been exposed to HWLs on waterpipe tobacco packaging in the past month, and only 5.5%
reported being often or very often exposed. Thus, it seems likely that engagement with the
HWLs was minimal. Multiple exposures to HWLs are required for text to be recalled
(Lochbuehler et al., 2019) which could not be determined from PATH survey data. (
Second, more than half of waterpipe users in the study sample in this dissertation also
smoked cigarettes. Exposure to HWLs on both waterpipe and cigarette packaging may have led
to misremembering the extent of exposure to each product separately, thereby introducing error
or bias in the assessment. However, sensitivity analyses that restricted analyses to respondents
who smoked only wateripe found essentially the same non-significant associations, suggesting
that exposure being confounded by other tobacco products was minimal.
Third, assuming that HWLs on tobacco packaging truly does increase quitting behavior,
it is possible that WP smokers observe HWLs but are not highly influenced by them due to a
well-known “wearing off” effect that has been observed for cigarette HWLs. Over time, repeated
exposure to the same labels elicits less and less response in terms of cognitive processing of the
messages (Borland et al., 2009). This is one of the reasons it is strongly advocated to ‘rotate’ the
HWLs at the least every six months (World Health Organization 2008; Hammond, 2011;
Thrasher et al., 2012; Hitchman, Driezen, Logel, Hammond, & Fong, 2013). HWLs on waterpipe
tobacco packaging in the U.S. do not appear to be rotated (Ward et al., 2019), and the long gap
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between exposure and assessment (two years) is sufficient time for “warning off” effects to be
manifest. Unfortunately, this is a limitation of survey studies such as PATH that usually have
fairly long gaps between data collection periods. The literature would benefit from experimental
studies that manipulate exposure to waterpipe tobacco packaging HWLs and assess outcomes,
such as interest in quitting, over shorter follow-up periods.
Lastly, it is possible that the HWLs used on waterpipe tobacco packaging in the U.S. are
inadequate to produce effects on quitting behavior. It is well known from the cigarette HWL
literature that graphic warning labels are more effective than text based labels. Also, text based
labels that are larger and address risks that are specific to the tobacco product are more effective
than smaller and more general text based labels (Evans et al., 2015; Brewer et al., 2016; Noar et
al., 2016; Borland et al., 2009; Hammond, 2011). Recent research indicates that current HWLs
on WP tobacco packages in the U.S. are very small (taking up only <25% of the package surface
area on average), text based, and address only general tobacco risks (e.g., heart disease and
cancer) rather than risk that are specific to WP tobacco use that may be highly relevant to the
target audience of young U.S. adults, for example, carbon monoxide toxicity or addiction (Ward
et al., 2019). As such, current labeling may not be effective in reducing WP use, which is not
surprising given that they are placed at the discretion of manufacturers, who would not be
expected to be motivated to reduce use of their products. Policy makers should encourage studies
utilizing different types of HWL messages combined with fear appeals to channel fear control
reactions to HWL and encourage WP cessation behaviors (Fathelrahman et al., 2010; Kees et al.,
2006; Schneider, Gadinger, & Fishcer, 2012).
This dissertation did not find evidence that cognitive responses to HWLs mediated effects
of exposure to HWLs on quitting outcomes. Perceived severity of the harm described in a HWL
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is hypothesized, based on the EPPM, to mediate the relationship between HWL exposure and
WP quitting behavior, but this was not observed. This finding was contrary to findings in the
cigarette literature that increased perceived severity of harm increased quitting behavior
(Schneider et al., 2012; Maynard, Gove, Skinner, & Munafo, 2018; Nagelhout, Janssen, Ruiter,
& de Vries, 2015). Similarly, in another study, Li et al. (2003) found that higher perceived
severity to smoking-related diseases was significantly associated with lower exposure to
environmental tobacco smoke among cigarette smokers thus suggesting the role of severity. The
current dissertation aimed to expand on these past findings and found that perceived severity did
not mediate the relationship between HWL exposure and WP quitting behavior. One reason for
this finding is that many young adults may perceive the warnings as not relevant to them
(Devlin, Anderson, Hastings, & MacFadyen, 2005), and thus might have not perceived the HWL
message on health effect to be severe, resulting in no significant effect of this mediator. The
second reason perhaps could be that the degree of severity communicated by the HWL was
minimal. Therefore, it is theoretically plausible that unless a WP smoker is repeatedly exposed to
messages that evoke an increased perception of severity, the individual will not be motivated to
quit. It also is possible that severity construct was measured too crudely in this dissertation to
detect an association. It was assessed using only one item, which may have been too imprecise
and inaccurate to detect an effect. An important next step is to better understand the many types
of messages that maximally induce perceptions in WP smokers that harms of smoking are
severe.
A role for perceived susceptibility of experiencing harms from WP smoking as a
mediator of exposure on quitting behavior was not supported in this dissertation. Susceptibility
has been long understood as a mediator of behavior change in the EPPM as well as several other
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health behavior theories such as the health belief model, protection motivation theory and
precaution adoption process (Rosenstock, 1966; Rogers, 1975; Weinstein, 1988). According to
the EPPM, if a HWL does not induce a sense of susceptibility to the harm targeted by the
message, the message will not be cognitively processed any further (Witte, 1992, 1994).
Perceived susceptibility has been recognized as a crucial construct to influence HWLs in
changing smoking attitudes and intentions (Maynard et al., 2018). Although Rogers and
Mewborn (1976) found that perceived susceptibility significantly mediated and affected
intentions to quit smoking, it appears that this mediation model may not extend to WP quitting
behavior in particular. Two possible reasons for failure to find the effect of susceptibility seem
logical. One, the measurement of this construct with one item insufficiently captured the true
effect of this construct. Two, most of the young irregular smokers would have perhaps felt that
they are not susceptible to the health effects of WP smoking. Nevertheless, this study fails to
affirm the important construct of perceived susceptibility on the path to WP quitting behavior,
while highlighting the need to focus on developing differing measures and design to capture this
important mediator.
No support was found for motivation mediating the relationship between HWL exposure
and WP quitting behavior. Contrary to results of this dissertation, motivation to quit smoking is
known to predict both short and long-term cessation among cigarette smokers (Bauld, Ferguson,
McEwen, & Hiscock, 2012). For instance, in the International Tobacco Control (Four) study,
motivation to quit smoking was significantly associated with making a quit attempting in all
three wave-to-wave transitions after controlling for demographic factors (Borland et al., 2010).
In fact, motivation has been one of the strongest predictors of quit attempts (West et al., 2001;
Hagimoto et al., 2010). As observed in other studies, participants who are exposed to threat
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messages and are motivated to quit also need strong efficacy messages to complete the quitting
process (Wong & Cappella, 2009; Gwaltney et al., 2009; Strecher, 1986). In other words, even if
a smoker perceives a threat from a HWL, lacking confidence that quitting can be accomplished
would be expected to reduce motivation to do so. Thus, in the present study, the lack of a
mediating effect of motivation may be due to HWLs inadequately inducing a sense of efficacy to
change. Unfortunately, PATH did not assess self-efficacy to quit WP smoking, so this
speculation cannot be tested. A related issue that may have obscured observation of a mediation
effect of motivation is that motivation is known to influence many health behaviors only when
perceived severity of the harm is elevated (Weinstein, 2000). The data in this study have
indicated that the overall severity levels were very low and insignificant. This suggests that the
low severity levels very not intensive enough to generate motivation resulting in failure of the
mediating effect.
Several methodological reasons also may explain the lack of an observed mediation
effect for motivation. Firstly, motivation is a complex construct that may have not been
adequately captured by the single item measure used in the PATH study. Secondly, the absence
of efficacy constructs in the model could be the reason for these observed relationships. As stated
by Witte (1992), when perceptions of a threat are strong, but perceived levels of efficacy are low,
the model predicts maladaptive denial or rejection of protective behaviors (De Hoog, Stroebe &
De Wit, 2007; Witte & Allen, 2000). It is quite possible that in some contexts, social and
demographic influences may significantly impact intended health behavior. Applying this
concept to the findings of this dissertation, it is possible that threat constructs, i.e., severity and
susceptibility were simply weak contributors to quitting behavior of the respondents, relative to
other constructs of the EPPM. Thirdly, the belief among young adults that WP smoking is less
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dangerous than cigarette smoking as reported by many studies could be another reason for this
finding (Sutfin et al., 2011; Cornacchione, 2016). Fourthly, and more importantly, the PATH
study enrolled mainly occasional WP smokers, rather than regular, or daily users. It is known
that motivation to quit WP use is reduced among individuals who smoke less frequently (Akl et
al., 2013). Consistent with this, in this dissertation, overall levels of motivation were relatively
low, and the range of motivation scores were fairly restricted toward the low end, which may
have reduced power to detect an effect. Sensitivity analyses were conducted to see if there was
any difference in the pattern of results if only everyday WP users were included. Due to very few
everyday users (n=51), no significant effect of quitting behavior was found and the results
exactly mirrored those with that of someday or irregular smoker Similarly, another online
experiment examined the effects of antismoking threat and efficacy messages on intent to quit
smoking on 555 adult smokers with varying levels of readiness to quit. The participants were
exposed to a set of advertisements and later responded to predetermined quitting outcomes and
advertisement evaluation measures. The results demonstrated a positive interaction effect
between perceived level of message threat, message efficacy, and quitting smoking intentions
(Wong and Cappella, 2009).
A final possibility is that participants in this study with low levels of motivation could
have seen warning labels on other tobacco products, and these exposures could have minimized
their perception of severity and susceptibility. These possibilities need to be tested directly,
which was not possible in this dissertation using the PATH dataset. If supported by further
testing, it would suggest that HWLs on WP tobacco packaging need to maximize perceptions of
severity, susceptibility, motivation, and efficacy to influence quitting behaviors.
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From a theoretical perspective, this dissertation contributed to empirically reexamining
the extended parallel process model (EPPM) and extending the model by adding motivation as a
construct. This study attempted to conceptually clarify the threat constructs of the EPPM and
motivation by predicting intending to quit, attempting to quit and completely quitting WP
smoking in response to health warning labels on WP tobacco packages. The findings of this
study did not support the mediation effects of perceived severity, perceived susceptibility of the
EPPM and motivation in the context of the effect of HWL exposure on WP quitting behavior.
The results also indicate that HWL exposure had neither directly or indirect effects on WP
quitting behavior.
Despite these plausible mechanisms, the results of this study did not support the potential
mediation effects of severity, susceptibility and motivation on intending, attempting to quit and
completely quitting. The results can be classified as No-effect non-mediation: Neither direct
effect nor indirect effect exists (Zhao et al., 2010). The possibility that mediation can exist even if
there is not a significant relationship between the predictor and outcome variables has been
acknowledged (Judd and Kenny, 1981). Furthermore, the lack of important causal paths cannot
be assumed based simply on a statistically non-significant association. It may be the case that an
effect is present but cannot be detected due to measurement error, inadequate sample size, and
other threats to internal validity that are inherent in any survey study. Further research is needed
using larger sample sizes, longer follow up periods, and better measure of exposures, mediators,
and outcomes.
Limitations
Some of the limitations of this study are worthwhile to note. First, the exposure of the
HWL was at Wave 1 and the WP quitting behavior outcomes were measured in Wave 3. This
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long time-lag between the exposure and the quitting behavior could have resulted in the
individuals getting exposed to HWLs from other tobacco packages, and thus the ‘real’ effect of
HWLs on WP tobacco packages might have been missed. Second, all HWL exposure and WP
smoking behavior was assessed based on self-report of the respondents, which may convey some
error or bias. However, retrospective assessments of smoking behavior are generally reliable and
consistent (Patrick et a1., 1994; Soulakova, Hartman, Liu, Willis, & Augustine, 2012), and
asking these questions in reference to a short (past 30 day) period should have reduced error.
Because the sample was compiled without reference to WP smoking, and was representative of
the U.S. population, selection bias does not appear to be a major concern. Lastly, although we
know the content, size and placement of the HWLs, we do not know the exact time duration
these individuals were exposed to these HWLs. This also limits our full understanding of the
impact this exposure. Thus, at this ttime we cannot conclude that HWLs on WP tobacco
packages act and have similar effects as HWLs on cigarette packages.
Strengths
Despite these above limitations, this dissertation had some notable strengths. First, this
dissertation analyzed results from a longitudinal survey with a relatively large and nationally
representative sample. Second, to date, no other study has prospectively examined HWL
exposure influences on completely quitting behaviors in WP smoking over such a long follow up
period. Third, this study examined several theoretically supported potential mediators of
exposure/outcome associations, and the mediation approach used in this dissertation identified
plausible pathways of how HWL exposure could affect intending to quit, attempting to quit and
quit WP use. Surprisingly, even though WP use has been consistently on the rise, no studies have
until now statistically identified pathways for HWL effects on WP quitting behavior.
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Conclusion
It is recommended that future structural equation modeling studies test the validity of this
extended EPPM model with multiple validated items representing the theoretical constructs.
Studies that involve an empirical test of the extended EPPM with motivation as an added
construct, preferably coupled with feasible experiments that test the original EPPM with this
extended model should be encouraged. The inconsistencies in interpreting the effect of HWLs
need to be resolved through empirical research that incorporates more sophisticated
operationalization of constructs and continuous refinement of the model. Interventions targeting
WP smoking reduction should develop health warnings including these constructs, and research
should then examine the impact of these HWLs on WP smoking and quitting behavior. Given the
public health implications, especially on young adults’ health, it is important that effective
HWLs on WP tobacco packages are incorporated into WP smoking prevention and cessation
efforts.
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